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Summary 
1. Introduction 
Leopard (Ponthera pardus fuska) is one of the most widely distributed cat species 
listed in the IUCN Red Data list under near threatened category. It is also listed under 
Schedule I of the Wildlife Protection Act (1972). The distribution of leopard extends 
throughout Africa, Central Asia, south-east Asia and north Amur valley in Russia. 
They have very broad latitudinal range encompassing a diverse array of habitats from 
tropical rainforest to and savanna, and from mountains to the edges of urban areas. 
The Asiatic lion (Panrhera leo persica) is restricted to a single wild population in the 
dry deciduous forest of Gir Lion Sanctuary (henceforth referred to as Gir WLS, 
20040 to 21°50'N Latitude: 70050' to 71°15'E Longitude). Asiatic lion and leopard 
co-exists together in fairly large numbers in Gir WLS. While there have been several 
studies on the ecology of lions in Gir, the leopard is one of the least studied cat 
species in India. Both lion and leopard, during last two decades, are involved in 
serious large carnivore-human conflict as both species exist outside Gir WLS in fairly 
large numbers. It has been hypothesized that the conflict on the peripheral areas of Gir 
is due to both species competing for resources (food, space etc.) inside Gir WLS. It 
was therefore desirable to carry out a comparative ecological study of both species in 
order to understand the coexistence mechanism. The present study was carried out in 
and around Gir WLS from October 2007 to August 2012 with extensive fieldwork 
between 2007-2009 in whole of Gir and adjoining districts and intensive fieldwork 
from 2009-2012 inside intensive study area (ISA) of about 200 km2 on seasonal basis 
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with following different seasons: summer (March-June), monsoon (July-September) 
and winter (October-February). The study had following objectives: 
1. To study distribution, abundance and habitat use of large mammalian 
predators of Gir with special reference to leopard. 
2. To estimate current wild and domestic prey densities and availability of prey 
biomass for large mammalian predators of Gir with special reference to 
leopard. 
3. To investigate patio-temporal utilization of prey biomass by large 
mammalian predators of Gir with special reference to leopard. 
4. To study movement pattern, territoriality and co-existence mechanism of large 
mammalian predators of Gir with special reference to leopard. 
5. To study past and current patterns of human-large predator conflict in and 
around Gir with special reference to leopard. 
2. Methodology 
A combination of direct and indirect methods were used under the present study. For 
predator population estimation, intensive surveys were carried out to obtain 
information on predators (leopard & lion) presence-absence, distribution and pattern 
of habitat use in the ISA as it is well known that predators prefer to use roads or trails 
as travel routes and likely to leave seats and tracks during their movements. All 
predator paths (temporarily established trails and permanently established roads) were 
monitored repeatedly on seasonal accounts and records were maintained for each 
monitoring effort. The method based on indirect evidences (e.g. scats, scraps, spnnrs, 
and bed sites) particularly scat count is an appropriate method to estimate abundance 
of cryptic carnivores. To apply an alternative method that would estimate their 
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abundance separately, the direct count was applied and clear registrations of each 
random sighting were done. Records of capture-mark-recapture of leopard were 
obtained for last 12 years to construct a matrix of presence or absence in a particular 
location gridded using GIS technique. 
For prey estimation,'road vehicle count method was used considering the open habitat 
conditions of Gir WLS and availability of movable roads. Total count method has also 
been used to estimate primate's population. Seven transects (ranging from 13 to 22 
km) were monitored seasonally. Each transect was monitored 35 times. The transects 
were fairly distributed over entire ISA representing all major habitat types. At each 
sighting, information regarding species, sex, age, and distance of sighting were 
recorded. 
The diet of lion and leopard was investigated through scat analysis and monitoring of 
kills located inside intensive and extensive study area through random searches as 
well as monitoring of radio collared leopard. The seats were analyzed following 
standard scat analysis methods which have been standardized in Gir for lion as well as 
leopard. 
Radio-Telemetry was used to generate and accumulate information on home range 
estimation, movement pattern & activity schedule. Radio-collaring operation was 
completed in two steps i.e. surveys in ISA, capturing and handling of leopards. Whole 
telemetry work was done from the ground either using a four wheel drive, or on foot 
using Telonics 7R-4 receiver and a hand held rubber ducky "H" directional antenna. 
Once the location of the leopard was confirmed a hand held GPS unit was used to 
record its coordinates. Data on lions movement and ranging pattern were collected 
through regular monitoring of known and identified lions prides in the ISA. Prides 
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were located alternatively by foot print tracking and continuous visual monitoring of 
lions paths (Roads & trails) each day. Both large predators were located alternatively 
in dawn (summer 06:00 to 12:00 hrs, winter 08:00 to 12:00 hrs) and dusk (summer 
04:00 to 07:30 his and winter 03:00 to 05:30 hrs) and few days for 12 hours during 
day time to locate and record whole diurnal activity pattern. 
Two kinds of methods were used to generate data on large predator human conflict 
(LPHC) around Gir PA. These included monitoring of problem sites on stress calls 
which generated primary data and collection of forest department records which 
provided secondary data obtained from Rescue Center, Wildlife Department, Sasan 
(WDS) Gir from 2000-2012. Data were collected on direct clashes between large 
predators and humans, livestock depredation by large predators (leopard & lion), 
status of human injuries and even fatalities, and recapturing of most problematic 
predators. 
2.1 Analysis 
For predator population estimation, the key calculations were attempted using number 
of scats counted in the ISA during study period. The encounter rates were calculated 
by dividing the total number ofscats counted within pre decided time period from the 
total area monitored. Density estimates were drawn using average number of scats per 
km2 which were obtained using GIS analysis, defecation rates were calculated by 
following formula (Davison 1980): DR = total no. of counted scats (N) in particular 
time period / total no. of animal days. The well known formula of estimating 
population density using indirect indices (scats) was used following Roth (1973) D = 
s (scaUkm2l t x d (scars/animal day), where, s = avg. no. of scats /1cm2, t = number of 
gap days between visits, d = defecation rate. Consequently, relative indices were used 
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as surrogate measures of abundance in combination of direct sightings. Hence, an 
extension of the Royal and Nichols (2003) generalization of the Mackenzie et al. 
(2002) was used based on the site occupancy model which incorporates sampling 
efforts into the model for detection probability by using the program PRESENCE 
(Version 4.0, Donovan & Hines 2007). 
Prey abundance estimation data were analyzed using DISTANCE computer program 
(Ver. 5.0). Biomass densities (kgfkm2) of the different prey species were computed by 
multiplying the estimated mean numerical densities (D) by the published average 
weights of the respective species. 
Diet profiles of large predators (leopard & lion) were prepared based on analyses of 
seats collected from the ISA and whole Oh PA. Prey contributions in the predators 
diets were measured in form of frequency of occurrence, percentage of occurrence, 
relative biomass and number of prey consumed. Searched prey kills were investigated 
for proportional amount consumed by each predator (leopard or lion), consumption 
rate, age & sex contribution of each prey kill to the predator diet, and level of 
competition between two co-existing carnivores. Prey selectivity and niche overlap 
were also investigated using programs SCATMAN (-v2.0) and ECOSIM (-v 7.72). 
Animal home ranges were plotted and analyzed using widely used method minimum 
convex polygon (MCP) and Kernel models. All locations or points in Hits were 
recognized for pattern in grid squares and associations between them were tested 
using spatial association method. Nearest Neighbor-Dispersion analysis was used to 
recognize the location/point pattern in respect to landscape. Movement and ranging 
pattern of radio collared leopards and lions prides were calculated and measured on 
overall, seasonal (e.g. summer, monsoon, and winter) as well as on annual basis. 
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LOAS and Biotas (ecological software solutions 2000) were used to analyze radio 
telemetry data 
For LPHC data analysis, primary data and secondary data regarding LPHC were 
organized in matrix to have an overview on conflict trend, intensity & magnitude 
during 2000-2012. The key conflict driving forces (CDFs) to draw large predators 
towards human vicinity were identified and presented separately. Seasonal pattern of 
conflict was assessed through sorting of data on seasonal basis. Depredation cases 
were first summarized for calculation of overall depredation pressure and later sorted 
out according to each predator. Depredation pressure for lion or leopard was analyzed 
for overall and annual pattern and later sorted out on seasonal basis to find out which 
predator is causing higher economic losses to the peripheral human population, it was 
done like capture-mark-recapture cases by plotting number of livestock killings 
against years. In anticipation of some other CDFs to draw large predators to human 
vicinity, sex and age factors were examined thoroughly by studying each single case 
in detail. Gir periphery was demarcated under buffers of 6 km, 12 kin, 18 km &and 
24 km to cover complete conflict affected area. Buffer demarcation was used to 
analyze distributional pattern and coexistence of large predators and humans through 
GIS mapping. Intensity and magnitude of conflict were assessed using number of 
conflict incidents by categorizing and ranking in low, medium, and high conflict order 
which was also scanned for most sensitive areas of LPHC simultaneously. Statistical 
analysis was performed using SPSS (version 11.0) computer program. 
3. Results 
The surveys for indirect evidences (lEs) and direct sightings of leopard were 
conducted along the established trails of 42 km which resulted in counting of 114 
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scats during summer season and 96 seats during winter season respectively. Similarly 
all roads together with length of 111 kms resulted in counting of 48 scats during 
summer season and 64 scats during winter season respectively. In case of lion, 
monitoring of trails of 45 km resulted in counting of 65 scats during summer season 
59 scats in winter season. Monitoring 01111 km of roads resulted in counting of 102 
scats during summer season and 99 seats in winter season. 
The encounter rates of scats were calculated for trails and roads on overall as well as 
for different seasons, for leopards the summer scat encounter rates were higher than 
winter encounter rates on trails and summer encounter rates were lower than winter 
encounter rate on roads. Encounter rates between overall trails and roads were 
calculated the same high on trails compared to roads. 
In case of lions, the summer encounter rates were higher than winter encounter rates 
on trails as well as roads. Overall encounter rates between trails and roads were 
calculated and the same were high on trails compared roads 
Scats were also used to calculate predator density with the help of scats accumulation 
rate (AR) and defecation rate (DR). For leopards, scat accumulation rates (ARS) were 
calculated ca. 2.2 scats/km2 during summer season and ca. 2.3 scats/km2 during winter 
season whereas the overall estimate was ca. 4.5 scats/km2 . Defecation rates (DRs) 
were calculated as ca. 3.56 to 3.60 scats per leopard per day for winter and summer 
whereas the overall estimate for defecation rate was ca. 3.58 scats per leopard per day. 
The accumulation rate for lion were ca. 2.6 scats/km2 in summer season and 2.3 
scats/km2 in winter season and the overall estimate was ca. 5.01 scats/km2  
respectively. The defecation rates were ca. 3.51 to 3.71 scats per lion day in winter 
and summer whereas the overall estimate was calculated ca. 3.61 respectively. The 
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density of leopards was estimated as 18.40 leopards/100 km2 in summer season and 
17.38 leopards/100 km2 in winter season while overall estimate was calculated as 
17.89 leopards /100 km2 respectively. The density of lions was estimated as 21.44 
lions/100km2 for summer season and 18.26 lions/100km2 in winter season while the 
overall desnity was calculated to be 20.10 lions /100 km2 respectively. 70 sightings of 
leopards and 80 sightings of lions were recorded during summer season while 66 
sightings of leopards and 74 sightings of lions were recorded during winter season. In 
case of peripheral population of leopards, 1156 cases of capturing-recapturing of 
leopards were recorded between 2000 to 2012. The distribution and occupancy of 
leopard and lion was monitored using 16 monitoring (16 for lions and 16 for leopards) 
for each site or locations systematically from 2009-2012. Both models, 
"Royle/Nichols Heterogeneity Model & Royle Model w/ species counts (k=200)" 
(heenceforth symbolized as Mol & Mo2) provided relatively similar population 
estimates. The estimates of leopard abundance on seasonal basis were calculated as 
during summer season 34.62+8.19M„t; during winter season 27.15t6.96M01; and on 
overall basis about 33.43t7.76Mot simultaneously. The estimates of lion abundance 
were calculated as 33.34±6.57M during summer season and 29.l6+8.43. during 
winter season while the overall abundance was calculated as 36.52+7.36MO2 
respectively. The mean of leopard population was estimated (X) = 3.4710.28, r = 
0206±0.020 along-with occupancy rate (Y') = 0.915 ±0.024 leopards per location 
(grid). As per the hypothesis of association between relative abundance of indirect 
evidences and density calculated from direct evidence or any other source, the 
significant and+tv association was detected. 
In case of prey abundance, a total of 2998 km of transects was nionitotcd and 
sightings of about 12090 clusters and 39873 individual of nine mammalian wild prey 
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species were recorded. Among ungulates highest density was calculated for Chital 
(60.25±9.35) kmf  followed by primate species langur (19.84±2.29) km-2 and peafowl 
(18.94t2.81) kny2 respectively 
On seasonal basis, winter season densities were higher for all prey species except 
peafowl. Four horned antelope and chinkara were sighted during winter season only. 
No significant relation was detected between clusters densities and their encounter 
rates (r, (9) = 0.653, P>u*, z-yam). Significant correlation between clusters densities 
and their encounter rates (r,161 = 0.812, P> h*z-„uw)  were recorded in summer season 
but it was absent during winter season. Wilcoxon S-R test showed statistically 
significant difference between seasonal density scores (z = -0.943, p = 0.345 <a*). 
The proportional habitat use of major prey species was assessed for five major habitat 
types: Teak Mixed Forest, Teak-Acacia-Zizyphus, Riverine Forest and Thorn 
Woodland or Scrub Land within the study area. Teak-Mixed-Forest was highly used 
by major prey species chital, wildboar and common langur (54%) for each prey 
simultaneously. The prey biomass ranged from 2711.25 (kg /kmz) for chital to 6.93 
(kg 1km2) for black napped hare. 
In case of prey utilization, the feeding ecology of leopards and lions was investigated 
by analyzing 480 scats of leopards and 471 scats of lions form the ISA and 305 scats 
of leopards form the whole Gir PA. The results showed that lion & leopard killed 14 
and 19 species of prey respectively. Ungulate species i.e. chital, sambar, nilgai and 
wild boar provided ca. 84.25-87.96% of biomass to lion and leopard. Diet profiles of 
both predators were highly dominated by key prey species chital (38.57% leopard and 
44.58% lion). Livestock contributed to the diets with low proportions than expected 
(7.40% leopard & 10.49% lions) respectively. Seasonal diet profiles varied with small 
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differences. Leopards seats contained an average of 2.44 prey items/scat for overall 
diet while on seasonal basis, it ranged as 2.38 prey items/scat for summer season & 
2.5 prey items/scat for winter season respectively. In case of lion the average prey 
item/scate was 1.83 prey items/scat for overall diet and I.87 prey items/scat for 
summer season and 1.93 prey items/scat for winter season. 
The dietary niche overlap between leopard and lion was calculated high (O = 0.95) for 
overall diet while on seasonal basis winter season had high niche overlap than 
summer season respectively. 402 kills were recorded during the course of fieldwork 
out of which 328 kills recorded were of leopards and 74 kills recorded were of lion. 
On the basis of kill data ca. 45.43% (n=149) kills were made by leopards and the 
same were overtaken by lions. Both large predators were observed and recorded to 
prefer adult and female prey species. 
In case of movement pattern, territoriality and co-existence mechanism, two adult 
male leopards (Ml and M2) were captured during 64 trap/nights at 46 locations. 
Using diurnal monitoring a total of about 552 tracking locations were recorded for Ml 
RC leopard during 2009-2012 period and 150 tracking locations were recorded for 
M2 RC leopard during 2009-2010. For lions, about 400 tracking locations were 
recorded for all lion prides by continuous observational monitoring during 2009-2011. 
Two types of movement patterns were investigated. Circular movements which were 
in the form of directional degree angles (00-3600) over time and linear movements 
which were in the form of changes in directions as loll turn versus right turn. In case 
of Ml leopard, about 509 directional angles were counted to use required area for 
overall home range while on seasonal basis maximum directional angles (261) were 
counted to use calculate area of home range during monsoon season. The activity was 
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started in early morning before sun rise 05:30 hrs and leopard remained active till 
10:00 hrs. Lion prides (code named P1, P2, P3 & P4) represented same kind of 
movement patterns viz, circular & linear. The movement data of two Males Pair 
exhibited relatively maximum directional angles (64) rather than other lion prides 
containing individuals from sub-adults to cubs. 
Using MCP method largest home ranges of radio-collared leopards (Ml & M2) were 
calculated during monsoon & winter seasons (32.70km2 & 19.00 km2) while overall 
home ranges of radio-collared leopards (Ml & M2) were calculated as 33.20 km2 & 
23.00 km2 similarly. Hence, the mean home size for leopard was 24.96 km2 
respectively. In case of lion, male pair had largest home range (56.101an2) than other 
prides containing cubs to sub-adult individual animals. Hence, the mean home range 
size for male lion was 49.59 km2 respectively. Overall home range of M1 RC leopard 
differed significantly from home ranges of lions prides occupying the same area 
(Man-Whitney U test; Z4&3 (MI & lions "M" pair) _ - 1.944, p< d*, Z4&3 (Ml & 
lions pride PI) = - 1.962, p < M*, Zy&3 (IVII & lions pride P2)— - 1.237, p < d*) 
respectively. Seasonal home ranges (summer, monsoon, & winter) of Ml RC leopard 
were overlapped together with core zone or common area of ca. 10.5km2 and it 
represented ca. 42.05% of the total used area. Home ranges of RC leopards (Ml) and 
lion prides (male pair, Pride PI & P2) overlapped for about 5 km2 of area which 
represented ca. 112% of the total used area during the study period. 
A total of 1648 problem predators (leopards & lions) were captured during a period of 
12 years (2000-2012) from peripheral areas of Gir WLS. 1157 cases belonged to 
leopards while 491 cases belonged to lions. In case of leopard very few cases 4 
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(0.35%) were recorded in 2000-2001 and it reached to a maximum of 195 (25.76%) in 
2011-2012 respectively. 
The key conflict driving forces were identified in two forms as direct clashes in agro- 
farm, invasion in houses, and livestock depredation. Most of the trapped leopards 
were involved in clashes with humans directly or indirectly or most of the lions were 
involved in livestock's depredation. Conflict increased significantly during winter 
season followed by summer and monsoon seasons respectively. Under indirect 
source of CDF, history of depredation was analyzed with 20461 cases of livestock 
depredation. 18014 cases (88%) belonged to lion while leopard depredation accounted 
for 2447 cases (12%). All problem large predators were examined with respect to age 
and sex categories. The sex ratios were, based on 576 male and 489 female leopard, 
and 29 male lions and 31 female lions, 1.15:1 Q and 0.95: 19 respectively for 
leopard and lion. Human casualties peaked in the last three years (2009-2012) in case 
of leopards and the same declined in case of lions. 
Although, large number.of casualties (67.14%) were attempted by leopards rather 
than lions (32.86%) respectively. A total of 72% leopards were captured repeatedly 
through capture- mark- recapture technique where the number of 2, 3 d`, 4rth, 5th,  6'" 
timers were 22.72%, 54.38%, 24.01%, 6.0% 2.16% and 0.72% respectively. Network 
of affected areas or villages was found to be covering entire periphery till 30 km 
distance from the park periphery. The first buffer (0-6 km) emerged under very high 
pressure of LPHC followed by the remaining buffers (6-12 km, 12-18km and 18-24 
km) respectively. Through direct CDF the most sensitive and very severely affected 
identified areas were at south-western periphery (Map: 7.2). Effect of LPHC was 
compared between eastern & western peripheries. Western Sanctuary exhibited high 
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intensity and magnitude of LPHC on its periphery up to a distance of 12 km whereas 
in case of eastern sanctuary, the cases of LPHC extended till 56 km. 
Hence, a clear LPHC management guideline has been developed to solve the LPHC. 
It has elements such prevention, mitigation, changing attitudes of local communities 
towards wildlife through education and by assurance that affected communities I 
peoples are active participants in wildlife conservation strategies. Preventive measures 
include 1) understand, monitor and evaluate the problem, 2) protection of livestock in 
and around villages, 3) control of fecal animal populations (dogs, pigs, buffalo etc.), 
4) managing the size of leopard population, 5) fertility control for leopards to be 
released, 6) fertility control for the leopards not to be released, 7) framing policy for 
cullinglremoval/eradication of problem leopards, 8) education and awareness for local 
communities, 9) permanent shelters for migrant farm laborers, and 10) landscape 
management and land-use modification. Mitigation approaches include 1) capture and 
release of problem individuals, 2) winning hearts and minds, 3) review of 
compensation policies and schemes, 4) integrate LPHC management into wider 
conservation objective. 
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Chital (Axias axis) a: proximal bulb, b: Proximal medulla c: 
i.  151 
Scales, d: Distal end. 
Sambar (Cervus unicvlor) a: Proximal bulb, b: Proximal medulla 
ii.  151 
c: Scales, d: Distal end 
Nilgai (Boselaphus tragocarnelus) a: Proximal bulb, b: Proximal 
[ii. 152 
medulla c: Mid 	medulla, d: Distal end. 
Black Napped Hare (Lepus nigricollis) a: Proximal bulb, b: 
Iv 152 
Proximal medulla c: Mid medulla, d: Distal end. 
Pour Horned Antelop (Tetraceros quadricornis) a: Proximal 
V. 153 
bulb, b: Proximal medulla c: Mid medulla, d: Distal end. 
Chinkara 1 Indian Gazelle (Gazella gazella) a: Proximal bulb, b: 
vi. 153 
Proximal medulla c: Mid medulla, d: Distal end 
Buffalo (Bubalux (ubalis) a: Proximal bulb, b: Proximal medulla 
vii. 154 
c: Mid medulla, d: Distal end. 
Cow (Box indicus) a: Proximal bulb, b: Proximal medulla c: Mid 
viii. 154 
medulla, d: Distal end. 
Small Indian Civet (CRverricula inc/lea) a: Proximal bulb, b: 
ix. 155 
Proximal medulla c: Mid medulla, d: Distal end. 
x 5-Striped Palm Squirrel (Funumbtdus pennanb) a: Proximal 
155 
bulb, b: Proximal medulla c: Mid medulla, d: Distal medulla. 
Ruddy Mongoose (Herpestes smithi) 	a: Proximal bulb, b: 
xi. 156 
Proximal medulla c: Mid medulla, d: Distal medulla. 
Common Mongoose (Herpestes edwardsi) a: Proximal bulb, b: 
xii. 156 
Proximal medulla, c: Mid medulla, d: Distal medulla. 
Indian Pangolin (Monts crassicaudata) a: Proximal bulb, b: 
xiii. 157 
Proximal medulla c: Mid medulla, d: Distal end. 
Common Langur (Presbytis entellus) 	a: Proximal bulb, b: 
xiv. 157 
Proximal medulla c: Mid medulla, d: Distal end. 
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Wild Boar (Sus scrofa) a: Proximal bulb, b: Proximal medulla c: 
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Mid medulla, d: Distal end. 
Pea fowl (Pavo crestatus) a: Proximal bulb, b: Proximal medulla 
xvi. 158 
c: Mid medulla, d: Distal end. 
Field mouse (Mus booduga) a: Proximal bulb, b: Proximal 
xvii. 159 
medulla c: Mid medulla, d: Distal end. 
Indian Gerbille (Tetra indica) a: Proximal bulb, b: Proximal 
xviii 159 
medulla, c: Mid medulla, d: Distal end. 
Indian Partridge (Frcncolinus pondicerianus) a: Proximal bulb, 
xix. 160 
b: Proximal medulla c: Mid medulla, d: Distal end. 
Indian Porcupine (Hystrix indica) a: Proximal bulb, b: Proximal 
xx. 160 
medullae: Middle 	medulla, d: Distal end. 
Prey remains (hoofs, nails, bones, teeth, skin and feathers) 
Plate 5.5 separated from large predators (leopard and lion) scats in western 161 
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Chapter 7 
Snap shots of large predators (Leopard and Lion) problems at 
Plate 7.1 periphery of Gir PA. a) A healthy leopard is depredating on goat, 264 
b) A leopardess resting under mango tree c) A residence of 
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CHAPTER 1 
INTRODUCTION 
1-1 Background 
Of four Asiatic large predators two Asiatic Lion (Panshera lea persica) and Common 
Leopard (Panthera pardus fuska), are existing in Gir Lion Sanctuary, Western 
Gujarat, India (henceforth Cir WLS). Both predators have been the source of 
attraction globally. Leopard is often considered to epitomize the features and 
behaviour of the large carnivores. It can surely be considered as the most perfect large 
carnivore, beautiful in appearance and graceful in its movements, most ferocious, 
cunning and 3' fastest (45-50m') member of the family felidae (Guggisberg 1975). 
Considerable variations in recorded subspecies currently exist, viz-a-viz, fluctuation 
in coat pattern and spot or rosette size only due the regional variations (Prater 1993). 
The lion is a flagship species among large carnivores. Based on genetic analysis two 
sub-species are recognized and Asiatic lion is one of them. Due to recent 
investigations six African sub species are recognized (Haas el al. 2005) and Asiatic 
lion is found more close to the west and central African lions than to the southern and 
east African lions due to regional differences (Bertola el al. 2011, Flow chart 1.1). 
1.2 Historical distribution and status of Leopard & Lion 
Fossil evidence, some as old as 1.5 to 2.0 million years (Hemmer 1976), suggests that 
leopards were once more widely distributed than today's (Hayward et at 2006, 
Nowell & Jackson 1996) while the Asiatic lions are now restricted to a single wild 
population in the dry deciduous forest patch in Gir WLS (Kumar & Meena 2012, Cam 
et al 2006) where the species has been rescued from near-extinction- Geographical 
distributions of these two predators have declined drastically due to primarily a 
combination of human-related causes (Cardillo et al. 2004). Leopard's distribution 
extends throughout Africa, Central Asia, south-east Asia and north Amur valley in 
Russia. They have very broad, latitudinal range encompassing a diverse array of 
habitats from tropical rainforest to and savanna, and from alpine mountains to the 
edges of urban area, but have reached their highest densities in riparian zone (Nowell 
& Jackson 1996, Sunquist & Sunquist 2002, Henschel ei al. 2005, Hayward et at 
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2006). Leopards are found throughout the Indian sub-continent with the exception of 
deserts, the Sundarban mangroves, and densely settled areas (Bailey 2005). The lion 
occurred in Africa, Europe, the Middle-East and Southwest Asia, in all habitats except 
very dry deserts and very moist forest. They disappeared from Europe during the first 
century AD and from North Africa, the Middle East and Asia between 1800 and 1950, 
except remaining population of the subspecies Panthera leo pets/ca in western India. 
Currently, lions are found in savannah habitats across sub-Sahara Africa (Nowell & 
Jackson 1996). According to the latest assessment of International Union for the 
Conservation of Nature (IUCN)-Red List, the Leopard has been classified as 
"endangered" carnivore species under the category of least concern and lion has 
shifted from critically endangered (CR) to endangered (CE) carnivore species. In view 
of the world-wide down-ward trend in leopard numbers, the It 	urged intensive 
research on leopard likely remained in Appendix 1 of CITES because of its extensive 
hunting. In spite of being most widely distributed member of the family felidae, the 
leopard remained essentially unstudied in the wild. In India leopard figures in 
Schedule I of the Indian Wildlife Protection Act, 1972 (Anon.1993). According to the 
Global Cat species Vulnerability Ranking, it has been categorized as 5(a), while 
regionally placed in category 4(a). 
Large predators pose enormous challenges as far as their long term conservation is 
concerned. Large cat species require extensive wild areas with substantial prey base 
and relatively less disturbed habitats for long term viability. Such extensive areas go 
beyond the boundaries of protected areas and put survival of these species in 
jeopardy. The first on leopard-lion ecological study was conducted in Serengeti 
National Park, Tanzania during 1972-73 using radio-tracking methodology (Bertram 
1982). The leopards are generally considered nocturnal. However radio-tracking 
studies in Gir WLS have found them more diurnal and crepuscular. They have been 
found in all types of habitats and vegetation including cultivated areas. Similarly it 
has been observed to occupy varying topography from hilly to undulating or flat 
(Vijayan & Pati 2002). The present study was conducted to investigate ecology of 
large predators of Gir as lion and leopard have been hypothesized to compete for 
resources (Khan et at 2007, Meena et at 2011). The possibilities of competition have 
risen due to simultaneous increase in lion and leopard numbers (Vijayan & Pati 2002). 
Viability of both predators survival depend on availability of large to medium sized 
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ungulates biomass, availability of quality habitat and less disturbance. Their co-
existence is facilitated by leopard's ability to adapt and spatio-temporal variation in 
activity pattern. Leopards and lions usually live very close to each other and their 
home ranges overlap. The leopards are extremely varied of lion's presence. The lions 
on contrary react instantly by overtaking the kill. The climatic condition of Gir WLS 
is distinguished by summer, monsoon and winter seasons with great variation in 
canopy cover, water availability, and ungulate biomass availability. Leopards are 
generally solitary and social interaction can be observed only during mating or cub 
rearing activity whereas lions are social and live in groups. 
1.3 Major threats 
Major threats to large cats have been shaped by three extrinsic factors such as (i) 
fluctuations in prey population during the past has contributed towards declining 
population of large predators (Burnham et aL 1980, Karanth & Stith 1999). Wildlife 
ecologists have emphasized on important role that large mammalian prey species play 
for large predators through forming bulk of prey base along with advance 
understanding for ecological processes at landscape and ecosystem level (Jathanna et 
at 2003). (ii) Rapid transformation of natural habitats in agriculture land, contraction 
of forest area are another key threats for survival of large predators which frequently 
turn to conflict and result in awful incidents (Lee 2002). Basic requirement of 
extensive large home ranges and large prey populations have become scarce 
commodities (Woodroffe 2000) to draw them at outskirt of protected areas where they 
come in contact of human beings so often and due to fear they gain persecution 
worldwide. Sometime this problem occurs due to co-existence of two sympatric 
predators (Khan et at 2007, Nazneen Zebra et al. 2012) around many PAs. Major 
threats to their survival also include (iii) hunting for trade. Till date thousands of 
leopards have been relentlessly hunted for sport, killed for its body parts assumed to 
have medicinal properties. 
1.4 Conservation 
Hence, conservation of large cats has become a symbol of the status of wildlife 
conservation in the country and similarly represents the conservation of whole 
ecosystems (Treves & Karanth 2003). Besides escalating large predator-human 
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conflict (henceforth LPHC) has become multifarious challenge in protected area 
management all over the world. The important milestones in independent India were 
taken with provisions under National Forest Policy, 1952 for setting up of Sanctuaries 
and National Parks, enactment of the Wild Life (Protection) Act 1972, launching of 
Project Tiger and Project Lion in 1973 followed by the Biological Diversity Act 
(2002) to protect and conserve endangered fauna. The National Forest Policy 1988 
has conservation as its basic objective: "Conserving the natural heritage of the country 
by preserving the remaining natural forest with vast variety of flora and fauna" 
represents a milestone in conservation of biological diversity and genetic resources of 
the country. 4.8 percent of the geographical area of the country has been set aside for 
exclusive conservation of its biodiversity in the form of protected areas (PAs). 
Currently, about 659 Protected Areas include 100 National Parks, 514 Sanctuaries, 
41 Conservation Reserves and 4 Community Reserves exist to protect and conserve 
remaining biodiversity. In case of Gir WLS, both leopard and lion exist in healthy 
population in and around the protected area (PA) and a sizeable population of lion and 
leopard exist in agriculture areas (Vijayan & Pati 2002). The local people who live in 
these areas co-exist with large cats in complete harmony. 
1.5 Rationale for study 
Gir WLS being home to sole wild population of Asiatic lion (Panthera lea persica) 
and a large population of leopard (Panthera pardusfuska) makes it an ideal site for 
carrying out ecological study on both species with emphasis on understanding the co-
existence mechanism. Leopard was a least studied species until recently. The 
movement of lions outside Gir WLS around 1990 led to establishment of lion sub 
populations around Gir WLS in a mixture of agro ecosystem and degraded scrub 
forest habitat. This was followed by riging incidences in leopard-human conflict from 
the same areas towards late 90's. Existence of large leopard population inside Gir 
WLS has been thought to be responsible for movement of lions from Gir as it is 
hypothesized that there is sever competition between lion and leopard for food 
resources. This necessitated a careful ecological investigation on aspects of ecology of 
both species. 
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- W.dem leopard range 2009 
Mapl.1 Historical ranges and distribution of leopard (Panthera pardus). (Map source: 
hup://www.Drctures-ofcats.orv,/Leopard-Habitat. himl). 
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Mapl.2 Historical ranges and distribution of Asiatic lion (Panthera Len persica) (Map 
source: Meena 2011). 
1.6 Study period 
The field work for the present study was carried out from December 2007 to August 
2012 during following different seasons: summer (March-June), monsoon (July-
October) and winter (November-February). 
1.7 Objectives 
The study was carried out with following objectives: 
1. 10 study distribution, abundance and habitat use of large mammalian 
predators of Gir with special reference to leopard. 
2. To estimate current wild and domestic prey densities and availability of prey 
biomass for large mammalian predators of Gir with special reference to 
leopard. 
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3. To investigate spatio-temporal utilization of prey biomass by large 
mammalian predators of Gir with special reference to leopard. 
4. To study movement pattern, territoriality and co-existence mechanism of large 
mammalian predators of Gir with special reference to leopard. 
5. To study past and current patterns of human-large predator conflict in and 
around Gir with special reference to leopard.  
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Flow chart 1.1 Tree of sub-species of large predators. 
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Table 1.1 Facts profiles of leopard (Panthera pardus fuska) and Asiatic lion 
(Panthers ten persica). 
S.No. Facts Leopard Lion 
1 Reproductive Year-round, but based on Year-round, but based on 
system sightings of cubs there is a sightings of cubs there is a birth 
birth peak from late winter peak from late winter to early 
to 	early 	summer 	(pers. summer (Ravi Chellam & 
abs.). Johnsingh, 1993, P.Obs.) 
2 Litter 	size In wild: mean of LS, 1.92, In wild: mean, 2.5, range 1-5 
(LS) range 1-4 (observed only (observed 	only 	after 	young 
after young cubs are fully cubs are fully mobile. 
mobile (Hemmer 1976). In captivity: 2-6 (Chavan 1993, 
In captivity: 2-5 (P. Obs.). P.Obs.). 
3 Age at first In wild: ?-2.5 to 3Years, c- In wild: 9-- 4 Years, cT-5  to 6 
reproduction 2.5 to 4Years (BaiLeyl993). Years 
In 	captivity: 	avg. 	2.5-3 In captivity: 3 years (a'&) 
years (5 & 9) (P.Obs.). (P.Obs.). 
4 Age 	at last In wild: Q-13 tol4 years, In wild: ? 15 to 16 years, d, 14 
reproduction 5-14 to 16 (P.Obs.) to 15years (Chavan 1993) 
In captivity: both sexes (e In captivity: both sexes (a' & 
& 9) on an avg. 13-14 9) 15 years (P.Obs.). 
years ((P.Obs.) 
5 Adult sex 1.8 	females 	(Nowell 	& 2.2 females (Ravi ChelLam & 
ratio: Jackson 1996). Johnsingh 1993). 
6 Longevity In 	wild: 	$ 	avg. 	14-15 In wild: Y: 17-18 years 
years; a':  16-17 years a': 16-17 years (Chavan 1993) 
In 	captivity: 	avg. 	16-17 In captivity: both sexes (8 & 
years. (P. Obs.) 9) on an avg.17-18 years 
(P.Obs.). 
7 Respiration I3.87beatslminute 	(P.Obs., 11-12beatshninute (P.Obs.) 
R Sabapara et a1. 2008) 
Note: Personal observations are based on observations and captivity records at rescue center of Wildlife 
Division, Sasan Gir and monitoring of adult radio-collared leopards in the wild (2009-2012). 
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1.8 Literature review 
One of the basic requirements in the study of large mammalian prey-predators is an 
understanding of the ecological status, including population distribution and 
estimation to acknowledge their responses towards disturbances and conservation 
efforts (Seidensticker, & McDougal 1993, Karanth & Nichols 2002). The ecology of 
large predators has primarily been studied within protected areas outside as well as 
within India (e.g. Bertram 1982, Bailey 1993, Bothma et at 1997, Grassman 1999, 
Hensehel & Ray 2003 Grassman et al. 2005, Odden & Wegge 2005, Karanth et al. 
2003, Edgaonkar 2008, Mondal 2011 etc.), with fewer studies of their ecology on 
unprotected lands (eg. Mizutani 1999, Mizutani & Jewell 1998, Marker & Dickman 
2005, Horton & Letcher 2008, Treves er al 2006, Mishra 1997, Athreya et al. 2004, 
Khan or al. 2007, Rahalkar 2008, Kumar & Chauhan 2011). 
Population size estimation of large cats has been a globally challenging task. The 
methods used for population estimation have been marred because of various reasons 
such as limitations to apply such advanced techniques due to high cost of equipments, 
possibility of theft and vandalism, low numbers and poor sighting probability etc. 
which make it extremely difficult to arrive at reliable estimates across large 
geographical area (Smallwood & Fitzhugh I995). In regard of requiring scientific data 
on population sizes a diverse array of methods have been used answer the single 
question as to how many individuals of targeted species exist? Some methods have 
been used excessively in research contexts to estimate population size within a pre 
fixed study area The count of indirect signs (spoor, scat, scrap and scratch etc.) were 
used to create inventory of relative abundance index (here forth referred as RAI) 
particularly for large predators as they often leave evidences of their presence 
(Macdonald et al. 1998a, Wilson & Delahay 2001, Gese 2001) and consequently 
received much attention from wildlife biologists due to being inexpensive means of 
monitoring of population trends. However the probability to find indirect evidences. 
may differ between different locations and habitats as well (Kumar et al. 2002). Foot 
prints or spoor count of large predators have been used widely (tiger and snow 
leopard; Karanth et at 2003, Jennelle et al. 2002, Singh 2000, Sharma et at 2005, 
Waseem & Khan etc.), but possibility to find sufficient sets of spoors has been found 
to be poor (Stander 1998). Among indirect evidences, scat count is often 
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underestimated because of the assumption of long term survey. But it can provide 
RAI over time or between locations, and in some cases estimates of absolute density 
have been calculated fairly accurately (Putman 1984, Cavallini 1994, Wilson & 
Delahy 2001, Sharp et aL 2001, Saunders & McLeod 2007, Laundry et al. 2009). 
Defecation surveys were also used to explore distribution information of Otters (L. 
lutra) (Conroy & French 1987, Kruuk or al. 1986) and vigorously defended by 
Jameson & Jefferies (1998) and Mason & Macdonald (1987). Combinations of tracks 
and seats were used to identify distribution and movement pattern of Jaguars 
(Panthera onca) in Brazil (Schaller & Crawshaw 1980). Rau et at (1985a & b) 
modified method of Taylor and Williams (1956) to.permanent plots in order to 
compute the absolute density of foxes from their faces (Linhart & Knowlton 1975) 
and the same was applied on Iberian lynx by Palomares et al. (1991). Population 
estimation by unaided opportunistic sightings or counts is not as reliable as added 
with indirect evidences. This strategy (combination of direct and indirect methods) 
was first used by Rabinowitz (1989) to estimate population size of leopards and tigers 
together with their behavioural studies. Caughley (1977) & Burnham et al. (1980) 
reviewed the assumptions of direct counts and the estimators used to determine 
population size with low cost and suggested correlating results of indirect evidences 
with absolute abundance to find accuracy. This method is basically used for ungulate 
population estimation (Hahn 1949) but can be used for cryptic carnivores (Donovan & 
Hines 2007). Counts may involve total counts of the area, or a subsample of the area 
and extrapolation to the rest of the area of concern. Stratification of subsemples to 
different habitat types or land classes may increase the validity, usefulness, and 
precision of the surveys (Macdonald et aL 1998a). Solitary opportunistic actual count 
has been used rarely (Crete & Messier 1987, Vandel & Stahl 2005) while indirect 
methods have been used extensively even with assumption of long term monitoring 
(Rabinowitz 1989, Gros et al. 1996, (3ese 2001, Bartel et al. 2008). Strong and 
positive relation between true density and RAIs of indirect evidences was detected in 
many studies (Knowlton 1984, Rabinowitz 1989, Kumar et at 2002, Schauster et al. 
2002). Recently it was implemented by Wilting et al. (2006) on clouded leopard 
(Neojelis nebulosa) in Sabah, Malaysia and supported by Waltert et al. (2008) on 
large mammals of western Tanzania. But few recent studies have turned this difficult 
aspect in an easy traek by using occupancy rates of a focused species at site in relation 
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to their abundance (Stanley & Royte 2005, Riley & Malecki 2001, Mackenzie et al. 
2005, Khorozyan et al. 2008) where the key factors including habitat values influence 
site occupancy were also investigated. Count studies have been carried out in southern 
Asia until recently however less attention has been given to estimate leopard 
population (e.g. Chauhan 2005, Goyal 2000, Balme et al. 2009, Edgaonkar 2008 
etc.). 
Since survival of large predators is based on availability of prey species, the study 
also included assessment of status of prey populations. Studies by Schaller (1967), 
Berwick (1974), and Johnsingh (1983) in India, Eisenberg and Lockhart (1972) in Sri 
Lanka and Dinerstein (1980),'famang (1982) & Seidensticker (1976) in Nepal were 
some of the early studies to estimate herbivores assemblages in the regions. Some 
later studies have relied on line transect method due to robustness of this method in 
estimating ungulate population size estimates (Caughley 1977, Burnham et al. 1980, 
Focardi et at 2002). Karanth & Sunquist (1942), Sankar (1994), Varman & Sukumar 
(1995), Jathanna et al. (2003) used distance sampling method for estimating densities 
of large mammals in a tropical deciduous forest of southern India, Sankar (1994), 
Karanth & Sunquist (1995), Khan el al., (1996) estimated large herbivores population 
using line transect method in southern and western India respectively while variation 
in group sizes of ungulates due to seasonal and monthly changes was investigated 
using line transect method by Khan et al. (1995) and Raman (1997) together with the 
factors such as habitat types, topography and disturbance parameters which may 
contribute to maintenance of high ungulate biomass in any forest ecosystem (Khan 
1996, Ndibalema et al., 2007, Mason et at 2006). 
A number of studies have been carried out to assess diet profiles of large predators 
either of a single predator species (Ramakrishinan et at 1999, Biswas & Sankar 2002) 
or comparative studies on feeding ecology worldwide (Karanth & Sunquist 2000, 
1995, Bodendorfer et at 2006, Emmons 1986). The standard work on prey utilization 
has been done by Mukhegee et al. (1994), Sankar & Johnsingh (2002) in India and 
Bothma et al. (1984) on Kalahari leopards. Seasonal influence on diet was also 
investigated under several studies (Andelt & Kie 1987, Dharaiya et at 1998). The 
correction factor was developed to correct the over representation of smaller prey 
species in the diet of a carnivore by Ackerman et al. (1984). The long term existence 
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of large predators particularly in case of co-existence could be possible if preferred 
prey species are available in ample abundance at a particular protected site (Schaller 
1967, Emmons 1986, Biswas & Sankar 2002). If two or more similar competitors co-
exist together then some level of avoidance by inferior competitor or niche overlap 
was also observed (Seidensticker 1976, Ramakrishinan et at 1999, Scognarnillo et at 
2003). Radio-telemetry was used to study home range pattern. It has been used widely 
now to assess home range (Mohr 1947) using predators movement pattern, habitat 
selection (Brown & Orians 1970), social organization (Rubenstein & Wrangham 
1986), mating system (Bailey 1993) and use of topographical features (Dickson & 
Beier 2005). It has proved to be quite helpful to understand main causes of human-
large carnivore conflict and also to develop mitigation measures (Bertram 1982, 
Dickson & Beier 2003, Gehrt et at 2009). Home range estimation has been used to 
predict fitness of focused species (Mitchell & Powell 2003). Studies have also been 
carried out using radio telemetry specifically in case of endangered species all over 
the world for conservation and management purpose (Norton & Lawson 1985, Kotwal 
& Gopal 1995, Otis & Whit 1999, Dickson & Beier 2002, Habib et al. 2010), legal 
mandate of protection (e.g. Endangered Species Act of 1973, USA) to understand the 
spatial requirements of a particular species (Hansteen & Andreasen 1997) and to . 
assess minimum viable population at a particular site (Gehrt et al. 2009). Home 
ranges of large predators have been traditionally computed using a variety of 
statistical models (Macdonald et at 1980, Worton 1987) but 100% and 95 % MCPs 
(Jennirich & Turner 1969) were used widely to assess land use by a particular species 
(Grassman 1999, Stander et al. 1997. Bailey 2005, Maan & Chaudhry 2000, and 
Broomball et at 2006), and to ascertain ecological, biological and social requirements 
(Karanth & Sunquist 2000, Marker & Dickson 2005). Estimation models i.e. Bivariate 
normal (Jennirich & Turner 1969), Harmonic mean (Dixon & Chapman 1980), and 
Kernel method (Worton 1989) provided more detailed information, characterizing the 
relative intensity of space use in the form of a probability density function (PDF), 
sometimes referred to as a utilization distribution (UD). Several studies assessed 
habitat use using radio-telemetry relocation points where locations taken in each 
habitat were considered as animal presence (Otis & White 1999, Dickson & Beier 
2002, Crawshaw & Quigley 1991, Broomhall el al. 2006. Stoner et at 2007. Land et 
at 2007, Ngoprasert et al. 2007, Jhala et a1. 2009). The relationship between home 
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range area and body size of terrestrial mammals was studied by Lindstedt eta?. (1986) 
followed by Marker & Dickson (2005) in a study of leopard at Namibian Farmland. 
Evidences were presented by linear relationship between home range sizes and body 
mass of a particular species by Grant et al. (1992). This scaling supports the 
hypothesis that animals select their home range areas to meet metabolic demands 
integrated over biologically critical periods. Social organization and behavior may 
also influence the relationship of home range area to metabolic needs for different sex 
and age categories within a species. The advantage of radio telemetry was taken by 
predicting movement corridors, linkage areas in habitats influenced by rapid 
urbanization (Schaller & Crawshaw 1980, Dickson & Beier 2002, 2005, Mizutani & 
Jewell 1998, Burdett et al. 2007, Ngoprasert et al. 2007) and other natural 
disturbances (Crawshaw 1991, McCarthy et al. 2005). The critically endangered 
population of cheetah (Acinonyx jubatus) numbering between 60-100 restricted to the 
and central Iranian Plateau has also been studied using radio telemetry for gathering 
scientific ecological data. The hypothesis of small home ranges of females than males 
has also been the topic of debate in many studies (Schaller 1980, Mizutani & Jewell 
1998, Dickson & Beier 2002, Pittman et at 2000) as it helps to predict the area for 
existing population at a particular protected site (Odden & Wegge 2005). Coexistence 
of two sympatric species has been studied and debated for many decades regarding 
key factors promoting i.e. ecological and behavioural separation (Scognamillo et at 
2003, Gordon 2000, Seidensticker 1976). 
The large predator human conflict (LPHC) is a worldwide problem and has been 
reported extensively in case of lions (Saberwal et at 1994, Macdonald & Sillero-
Zubiri 2002 etc), tigers (Madhusudan 2003, Miquelle et all 2005 etc.), leopards 
(Goyal 2001, Athreya et at 2004, Khorozyan 2005, Rahalkar 2008 etc.), snow 
leopards (Rao et al. 2002, Hussain 2003 etc.), wolves, wild dogs, and bear (Jackson & 
Novel 1996, Rajpurohit & Crausman 2000, Jhala & Sharma 1997, Podruzny et all 
2002, Woodroffe et al. 2005, Musiani et all 2003 etc.). A bulky literature is available 
on conflict relating to either livestock depredation or direct attacks on human beings. 
Main causes of LPHC have been investigated but lack of prey, habitat degradation, 
and immense availability of non-wild prey species at peripheral areas have been 
identified as major key conflict drivers (Ogada et a1 2003, Athreya et at 2004, Dar et 
at 2009). Lions are well known to kill large cattle or livestock while leopards prefer 
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to kill small to medium sized animals or calf (Jackson & Nowell 1996, Hayward et at 
2006, Bommel et al. 2007). Livestock movement has been found to contributes to 
draw lions towards peripheral areas of Gir protected area (Kumar & Meena) and 
predators may follow livestock from the periphery and attempt killing on finding 
suitable opportunity (Rommel et al. 2007). Few studies have documented seasonal 
influence on conflict problem as higher depredation or conflict cases have been 
recorded during monsoon season at large distances from periphery while the attacks 
occur in proximity to periphery throughout the year (Saberwal el al. 1994, Vijayan & 
Pati 2002, Michalski er at 2006). In monsoon forest becomes flooded and large 
predators. shift their home ranges at periphery of PA's where extensive movements of 
livestock lure them for easy hunting (Patterson et a). 2004). Conflict grows rapidly if 
predators are scared away which in turn increases depredation risk and possibilities of 
even human fatalities (Bormnel et al. 2007). Sometimes livestock husbandry practices 
may also be linked for converting normal individuals to livestock killers (Ogada et all 
2003). If livestock guarding is not well planned, the predator may develop habits for 
killing livestock (Patterson et al. 2004, Ogada et all 2003). Most of the studies 
showed that old, sick and injured animals turn to livestock killing due to their inability 
to hunt wild prey species (Hoogesteijn et at 1993, Linnell et at 1999). IIowever the 
notion that the old and infirm individual's only turn to livestock killing or man—eating 
has been questioned as other factors may also be responsible for conflict. These 
factors may include severe depletion of wild prey biomass in the area (Patterson et al. 
2003), healthy individuals could be livestock killer (Schaller & Crawshaw 1980, 
Riley et al. 1994), versus large predators can reside close to livestock without causing 
problem and shift to forest area when neighboring dominating individuals vacate 
their ranges and also the age and sex posing serious challenge for managers 
(Rabinowitz 1986, Linnell et al. 1999). There is however almost a universal trend for 
males to be involved more rather than females and adult & sub-adults than old adults 
in conflict (Saberwal et al. 1994, Patterson et at 2004). Few studies examined 
incidents of large predators (lion, tiger and leopard) attacks on humans which were 
results of sudden clashes with human beings and predators reactions for defense 
(Jackson & Nowell 1986, Patterson et al. 2003, Goyal 2001). Certain regions like 
Russian Far East, Malaysia, Nepal, Bangladesh, Sumatra (Indonesia) and southern 
Asia have had serious and persistent problem of LPHC. tigers, lions, leopards, and 
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bears accounted for killing of hundreds of people per year worldwide (Linnell et al. 
1999, 2001) and leopard alone accounted for death of 99 individuals/year in Indian 
subcontinent (Marker & Sivamani 2009). There have been some exceptional events in 
the past for man eating predator such as eight man-eating Ligers and one Leopard shot 
by Jim Corbett in the early 1900's had killed and eaten nearly 1,100 people (Corbett 
1991). There have been over a hundred human deaths from grizzlies and black bears 
in the 20th century in the USA (Herrero 1985). Western India has serious problem of 
LPHC and particularly Leopard-Human Conflict (Ravi Chell am & Johnsingh 1993, 
Athreya et at 2004, (loya] 2001). The leopard is a secretive lifter, which is able to 
live surprisingly in close proximity to humans and problem individuals which turned 
to "man-eating" have been proved extremely difficult to identify for their removal. 
India is at the top to report more leopard's attacks on humans during night when 
people were thought to be in full sleep (Corbett 1954). While, lions are responsible for 
high economic losses (livestock depredation) of peripheral villagers (Vijayan & Pati 
2002). Lions attacks on were reported to be high during prolonged drought linked to 
the decline of the local cattle population by Ravi Chellam & Johnsingh (1993). 
Although, lions have been thought to be less dangerous in comparison to other large 
carnivores (Dickman 2008). A renowned exception was that of the man-eaters of 
Tsavo, which killed 130 workers on a railway line in Kenya at the turn of last century 
(Patterson 1907). Lion attacks have been attributed to diverse triggers including the 
defense of their kills from thieves etc. (Treves & Naughton 1999). These incidents 
have been found to develop negative attitudes in local people towards large predators 
and sometimes have led to retaliatory killings (Treves et at 2006, Zimmermann et al. 
2005, Waseem & Khan 2008, Kissui 2008). Tianslocation of large predators is one of 
the potential conservation tools to reduce some level of risen conflict and re-
establishment of problem individuals (Griffith et al. 1989, Wolf et at 1997). However 
the effectiveness of translocation is not fully documented. Few studies have reported 
in favour of this strategy (Nowell & Jackson 1996, Breitenmoser et at 2001, 
Goodrich & Miquelle 2005) while others have not (Belden & Hagedorn 1993, Ruth et 
at 1998, Athreya of al., 2004). At the same time several entities and social 
constituencies are working to promote large predator protection and conservation as a 
part of broader social mobilizations in support of nature and animal welfare 
(Breitenmoser 1998, Forbes et al. 1996, Fox 2001) because retaliation for livestock's 
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depredation and for human deaths makes the survival of large predators vulnerable 
(Marker & Sivamani 2009, Treves et al. 2006, Hussain 2003, Kalaivanan et al. 2010). 
The African lion (Panthera leo), spotted hyena (Crocuta crocula) and 
leopard (Panthera pardus) were killed in retaliation for livestock predation in the 
Maasai steppe landscape in Northern Tanzania, (Kissui, 2008). In order to manage 
LPHC, efforts have been made to reduce economic losses by way of compensation, 
and through environmental education and awareness programs to make public aware 
of conservation of large canivores (Saberwal et al. 1994, Mishra 1997, Mishra & 
Fitzherbert 2004, Waseem & Khan 2008, Bagehi & Mishra 2006). As LPHC has 
become a global problem, understanding of `human dimensions' in wildlife 
management has become central to any management strategy which aims to realize 
harmonious long tern conservation goal of a protected area. 
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2.1. Introduction 
The Gir National Park and Lion Sanctuary (Latitude: 20040 to 21°50' North, 
Longitude: 70°50' to 71°15' East, henceforth Gir WLS) lies in the south-western 
Saurashtra region of Gujarat state of India. Today, the Gir WLS has emerged as one 
of the India's best protected area. Historically, it was once a princely hunting reserve 
of the Nawabs of Junagadh. The forest in past stretched over an area of 5000 km2. Till 
1877, the forest of old Junagadh state measured to 3,108 km2 on the basis of the great 
trigonometrical survey carried out in the Saurastra region. At present, the Gir WLS 
extends over an area of 1882.64 km2 distributed in Junagadh, Amreli and Bhavnagar 
districts. In post-Independence India, the Gir WLS came within the boundaries of the 
State of Gujarat, under Biogeography province 4-B [the semi arid] as a sole home of 
Asiatic Lion (Panthera leo Persica). The Gir forest was constituted as a wildlife 
sanctuary in 1965 for the purpose of preserving the Lions. In 1975, an area of 150 
km2 was declared a National Park and in 1978 expanded to 259 km2. In 1984 the 
surrounding forests were declared a Wildlife Sanctuary and this combined area today 
forms the Lion Reserve with the National Park as the core area. For better 
management purposes the sanctuary has been divided under two management units of 
the protected area as sanctuary west & sanctuary cast during 1983. There are many 
forests pockets of varying sizes adjoining the Gir WLS, are almost contiguous to the 
present sanctuary. In total, about 470.6 km2 area is available currently, which though 
constitute the part of the habitat but is not included in the sanctuary. Earlier (during 
1878 to 1914) the forests of Ex-Junagadh state were being managed by the revenue 
department but later the emphasis was given by some forest officials towards wildlife 
management & its conservation on priority. 
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Map 2.1 Location of Gir Lion Sanctuary in Saurashtra & Gujarat as well. 
n lntensrve 5ludy Area  
\ 
GlI' Lion Sanctuary 	/ /) Latitude: 20040 to 21°50' North 
Longitude: 70°50' to 71015' Fast 
Map 2.2 Location of intensive study area (ISA) in Gir Lion Sanctuary, Gt jarat. 
Study Area 
2.2 Location of the intensive and extensive study area 
The Gir National Park and Lion Sanctuary covering an area of about 1412.13 km2 
comprising of 259 km' of National Park and 1154 km2 of Sanctuary formed the 
extensive study for the present study. Approximately 200 km' (17%) in the Sanctuary 
West was selected as intensive study area for year round field work. The remaining 
area falls under protected and unclassed forests (526.30 ha.) The area of Greater Gir 
was selected for gathering of large predator-human conflict data. The Greater Gir is 
spread over grasslands and revenue areas of Amreli, Junagadh and Bhavnagar 
districts. The Greater Gir also includes approximately 413 km' of coastal areas having 
extensive coastal forests in Amreli district. 
2.3 Geology and soil 
The land configuration is mainly undulating with moderate hills, valleys and plateau. 
Northern part is more hilly, while southern part is relatively less hilly, with general 
drainage direction towards south and south-west The hills are of volcanic origin with 
an altitudinal range of 83-524 inst. Nandivela 11111 in Tulsishyam range & Charakiya 
Hill in Pania range have highest altitude 641.6m above msl in the sanctuary. The main 
geological formation is Daccan trap and main rock types are Dolomite' and Basalt. 
Beside sand stone, lime stones and metamorphic schist are also present. Volcanic 
rocks have given rise to the black cotton soil and sand stones, and line stone have 
given rise to reddish brown sandy loam soil. Soil texture varies from gravely along 
the river banks, clay in deep valleys to stony and murrum on hills. Water holding 
capacity is the lowest on sandy loam and highest in black clay, which remains water 
logged during monsoon. Soil layer thickness varies in different areas is up to Im thick 
in valley areas. Wherever drainage is poor on account of higher clay content and 
therefore the quality of teak is poor. In such areas babul (Acacia spp.and other scrub 
species grow very well. The best teak growth is seen on well drained sandy loam soil. 
2.4 Drainage pattern 
Gir ecosystem forms major catchments of seven rivers of which 4 rivers have been 
dammed. The rivers are Hiran, Datardi, Singhoda, Maehundhry, Ghodavadi, Raval 
and Shetrunji. Small streams ens-cross the entire Gir ecosystem & in turn join major 
rivers. During the dry season, water is a limited resource and restricted to perennial 
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rivers, reservoirs and deep rock pools of small streams. Drainage pattern of western 
Gir is subdendric to paralle or trellis. This is due to dykes and the large, number of 
fractures that cuts across area in a definite pattern. In the eastern Gir the drainage 
pattern is mainly sub parallel to trellis. At higher altitudes it is radiating and dendritic. 
A prominent stream in the central part of western Gir fors a gorge. A major part of 
the area that lies to the south of these water divides is drained by various rivers like, 
Dhatardi, Ardak, Shinghoda and tributaries of Hiran in the west; and tributaries of 
Jamri and Ravel in the east. 
2.5 Climate 
Gir ecosystem has hot climate with an erratic tropical monsoon. Three seasons viz. 
summer, winter and monsoon are distinct. Late November to early March is cool & 
dry followed by hot season from mid March to July. The temperature drops down to 
about 10°C in winter and rises to about 43°C in summer. Mid June to September is 
monsoon period and bulk of precipitation is received during July and August. Rainfall 
data of past 28 years received at Kamleshwar in western part of Gir and Raval Dam in 
eastern part of Gir show that average rainfall is 1000mm and 600mm respectively. 
Wind blows mainly From north-west to south-east during October to March and 
changes south-east to north-west during summer and monsoon. Eastern portion of Gir 
is more and than western Gir. 
Summer: The summer seasons sets in the month of March and lasts till around June 
when the area receive the first shower of monsoon. April and May arc the hottest 
months of this area and the mercury may shoot up to 44 °C. There is a general 
reduction in the water availability throughout the Gir WLS, barring a few perennial 
water-courses, streams and waterholes in the lower areas. These seasonal fluctuations 
pose a great deal of managerial problems. The management of artificial waterholes in 
dry season is not a serious problem in the good rain year but in a year with less and 
erratic rain becomes a major management focus. Gir remains prone to accidental 
ground fires and it is common at this time of the year. Despite precautions and a very 
effective fire protection strategy, almost every year some parts of Gir WLS face 
accidental fires. Such manmade fires usually originate from the outer peripheral areas 
close to the PA boundary. 
Page 1 21 
Study Area 
Monsoon: The monsoon arrives with pro-monsoon showers usually received in first 
week of June and regular rain start with the onset of south west monsoon in the month 
of July and lasts up to September and a few showers are also received in October. The 
onset of rains transforms the entire Gir LS landscape into a lush green condition and 
humidity goes up to 90 percent. Due to irregular monsoon and uneven distribution of 
rainfall, drought years arc not uncommon. 
Winter: The winter season sets in November and lasts till February. December and 
January are the coldest months. In winter, night temperature goes down. Riverine 
habitat has genearlly very low temperature during night hours. A thin layer of fog 
covers the area, particularly along the streams during early hours and the incidence of 
dew become heavy. The leaf fall sets in towards the end of winter and the deciduous 
trees remains leafless until shortly before the break of monsoon and only few tree 
species renews its foliage almost simultaneously with the fall. 
2.6 Flora and habitat types 
The pattern of flora varies in all aspects from west to east axis. According to 
Champion and Seth (1968) revised classification of forest types, the area falls under 
the type 5A/Cia, i.e., very dry teak forests. Teak occurs mixed with dry deciduous 
species. Qureshi & Shah (2004) updated the flora of Gir WLS has categorized them 
into 3 broad habitat types: Moist Mixed vegetation, Thom Forest, and Bill Forest, 
which were further divided into eight types. They use Geographical Information 
System (GIS) at coarser resolution, a level for studying the response of ungulates to 
habitat. Apart from natural vegetation the water bodies (reservoir, rivers, ponds, and 
lakes), agriculture fields, orchards within Gir LS was also considered. 
i. Moist Mixed Vegetation 
Moist Mixed Forest: The dominant species in western part is Tecmna grandis 
which is replaced by Anogeissus spp. and Acacia spp. in eastern part of Gir 
WLS. The associated dominating species are Acacia spp, Wrightia [incroria., 
Syzyguim spp., Mitragyna parvifolia, IIaehinia racemosa, Diospyros 
melanoxylon, and Em//lea ojjicinalis. The lower crown comprises of Acacia 
spp., Zizyphus spp., Grewia Iiliaefolia, Helicteres isora, Carissa conjesta, 
Manilkara hexandra, and Ixora arhorea. 
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Mixed Forest: The dominant species in west is Tectona grandis which is 
replaced by Anageissus spp. and Acacia spp. in eastern part. The associated 
species are Diospyros melanoxylon, Garaga pinnata, Gmelina arborea, and 
Mallotus phillipensis. The under storey comprises of Zizyphus spp., Acacia 
spp,. Wrightia tinctoria., Grewia tiliaefolia, Helicteres isora, Carissa 
carandas, Manilkarn hexandra, and Capp arts sepiaria. 
ii. Thorn Forest 
Tectona in west (replaced by Anogeissus spp. in the east) —Acacia — Zizyphus 
The co-associates are Acacia spp., Tectona grandis (replaced by Anogeissus 
spp. in east.), Zizyphus spp., and Terminalia spp., and the under storey with C. 
congesta, C. sepiaria, and Zizyphus spy. Acacia spp. - Zizyphus spp. Thorn 
forest association Acacia spp., Zizyphus spp. with co-associates like C. 
sepiaria and C. congesta 
Scrubland: This association is characterised by patchy and stunted growth of 
scrub species like A. catechu, A. leucophloea, Zizyphus numularia with co 
associates such as stunted Zizyphus spp, C. sepiaria and, Balanites aegyptica. 
Savanna: Scattered growth of trees like, Acacia spp., Zizyphus spp., T 
crenulata, B. racemosa, 7: grandis, Anogeissus spp. Boswellia serrata, and 
Balanttes aegyptica. The grasses like Apluda mutica, Heteropogon contort us, 
Therneda quadrivalvis and Sehima nervosum forms the ground layer. 
iii. Hill Forest 
Acacia — Anogeissus (Teciona replaces Anogeissus in west (ir): The co-
associate species are Acacia spp., Anogeissus latifolia, Terminalia spp. W. 
tincloria, G. tiliaefolia, Boswcilia serrata, Flaucorlia indica, B. racemosa and 
Zizyphus spp. 
Acacia —Lannea —Boswellia The association is characterised by Acacia spp., 
Lannea coromandelica, B. serrala, T. grandis, T. crenulata, W. tinctoria, 
Soymidafebrifuga and Sterculia ureas. 
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The composition of important tree species of Gir WLS in descending order is - 
T grandis (31.3 %), Wrightia linctoria (11.2 %), A. catechu (9.2 %), Zizyphus 
rnauritiana (7.5%), A. nilotica (4.2%). Anogeissus latifolia (3.9%). A. 
leucophloea (3.4%), Terminalia crenulata (3.1%). Diospyros melanoxylon 
(2.4%), Bauhinia purpurea (2.4%), Grewia tiliaefolia (1.9%), A. feruginia 
(L.8%), Boswellia serrala (1.7%). Lannea corromandelica (1.5%), Butea 
manosperma (1.3%). 
2.7 Diversity of fauna 
Gir WLS has rich faunal assemhlegde which includes 39 species of mammals, 37 
species of reptiles, about 300 species of birds and more than 2000 species of insects. 
In Gir ecosystem the main carnivore species are Asiatic lion (Panlhera leo persica), 
leopard (Panthera pardus), jungle cat (Fells chaos), striped hyena (Hyaena hyaena), 
jackal (Canis aureus), mongoose (Herpestes edwardsi), small Indian civet 
(Viverricula indica), fox (Vulpes benghalensis), ratel (Mellivora capensis), and desert 
cat (Fe/is libyca). Chital (Axis axis), nilgai (Boselaphus tragocamelus), sambar 
(Cervus unicolor), four horned antelope (Tetracerus quadricornis), and chinkara 
(Gaze/la gaze/la) constitute the major wild herbivores of the Gir. Wild boar (Sus 
scrofa) also widely distributed in PA. The smaller mammals like common langur 
(Presbytis entelhrs), porcupine (Hystrix indices) and hare (Lepus nigricollis) are 
common but pangolin (Manis crassicaudata) is rare. Marsh crocodile (Crocodiles 
palustri.r) is found in the four big dams within the PA as well as in the main rivers and 
some of their tribute, make largest population in a single place in Gir LS. The star 
tortoise (Geochilon elegans), monitor lizard (Varanus bengalensis) and number of 
snakes are also common. Indian rock python (Python molurus) is rarely encountered 
and sometime met with along the stream banks. The main predator birds of Cir WLS 
are the great homed owl (Bubo bubo), the spotted owlet (Athene brama), the tawny 
eagle (Aquila rap"), Shikra (Accipiter badius), brahminy kite (Heliasfuz indus), the 
black winged kite (Elanus caeruleus) etc. 
2.8 Maldharis (Mal-livestock and Dhari - guardian) 
`Maldharis' are the devoutly religious pastoral communities of human beings and they 
constitute a part of Gir WLS. for over 125 years. They occupy 129 small settlements 
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called "nesses" scattered all over the Gir forest. Currently there are 4800 individuals 
along with 16,852 domestic livestocks. The domestic livestock is comprised of 
buffaloes and cows, though they also possess camels which are mainly used for 
transport. Their animals are kept together during night in circular thorn fencing and 
are let loose into the surrounding forests for grazing throughout the day.Thc maldharis 
and their livestock exerte negative impact on Gir habitat due to consumptive use of 
both forest products and fodder. The practices such as cutting and lopping of trees for 
house construction and fodder for livestock adversely affect the vegetation and the 
practice of mixing up of top soil and buffalo dung from 1 kin radius around the " 
`nesses' for sale to outsiders as manure deprives the forest soil of nutrient recycling 
vital for rejuvenation of the ecosystem. To reduce negative impact of maldharies on 
Gir ecosystem Maldhari's resettlement scheme was implemented in 1972. 
2.9 Forest settlement villages 
The Nawab of Junagadh permitted settlement of some permanent labourers in the 
forests due to inaccessibility of Gir forests. They were granted forest land on lease for 
cultivation and other purposes in open areas. In addition, they were also given timber 
for construction of their houses in these forest settlements. At present, there are 14 
forest settlements with 556 households with a total human population of 4874 and of 
about 4241 livestock existing in Gir forest. An area of 18.66 kin' has been given as 
settlement land to the cultivators. "One of these, the Shirvan forest, settlement village 
within the PA and approximately 13 kms from Sasan is a settlement of Sidhis, who 
are of African origin and are classified as schedule tribes. Their main occupation is 
agriculture. All these forest settlement villages form part of the sanctuary. 
2.10 Peripheral villages 
There are 97 villages within a radius of 5 km from the sanctuary area. The boundary 
of sanctuary falls in seven talukas of Amreli and Junagadh districts. These talukas are 
Dhari, Khambha, Una, Talala, Malia, Mendarda and Visavadar. The main occupation 
of these villagers is agriculture and animal husbandary. The agricultural land 
surrounding Gir is fertile and hence there is a constant pressure on the forest for 
encroachments. The agriculturists keep livestock in moderate number. The landless 
people also keep livestock. These communities are prohibited to graze their.livestock 
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in the sanctuary or collect forest produce from the sanctuary. Out of total human 
population of 1,52,000 in 97 villages there are 23,000 farmers, with 95,000 livestock. 
2.11 Grazing practices 
Stall feeding is practiced for milch animals only, whereas most of the cattle depend on 
gaudier, waste land and protected forest for grazing. There is a constant pressure on 
the Gir WLS from these cattle during monsoon for grazing. 
2.12 Large predator human conflict (LPHC) 
Gir exists as a forest ecosystem with an inter-face with large human and cattle 
population which results with frequent man-animal encounters. Normally animals do 
not come into conflict with human population, but certain situations such as 
unprecedented increase in human and livestock population and changes in cropping 
patterns have increased the frequency and intensity of interaction which results into 
economic losses and human risk as well. The human activity abruptly starts with 
intense concentration at the legal boundary of Gir LS whereas wildlife dispersal 
reaches beyond administrative boundary following ecological gradient. There is also a 
considerable pressure on Gir ecosystem from the human beings residing in and at 
periphery for their requirements of timber, fuel wood. Other forest product includes 
small timber, firewood, grass, amla, aritha and other fruits and honey etc. 
2.13 Land use pattern 
Agricultural land occupies almost half (50%) of the geographical land in the state. Of 
total geographical area only 6% (196117 km2) is available as forest land while 35% is 
under cultivation practices. Semi-Arid forest ecosystem of sou rashtra has further been 
divided in eight agro-climatic zones. According to agro-climatic regional planning 
unit (ARPU) the Gir WLS falls under ARP number 6 & 7 ago-climatic zone. Around 
Greater Gir, the main land use is agriculture with good irrigation facility. 
Saurashtra has approximately 37379 km2 of area under cultivation of major crops. 
The region produces a large variety of crops where higher percentage of the land is 
used for cultivation in western Gujarat. Junagadh, Amreli and Bhavnagar districts are 
the main contributors to the agricultural production of the state. Major crops include 
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cereals like rice, wheat, jowar, bajra, maize, ragi, pulses like lur, flung, moth, udad, 
oil seeds like groundnut, sesames, seed and mustard, castor, cash crops like cotton, 
tobacco, sugarcane, & horticulture crops. The yield of cotton actually is the highest in 
the country. 
i. Sugarcane was cultivated in these areas till 80s which stopped after that but since 
last ten years it is in practice. Irrigation facility is inadequate in these districts to 
cultivate this annual crop. As many as 30,000 check dams built in the region have 
helped in recharging ground water. Farmers of Jamka village in Junagadh built 5I 
check dams in 1995 without any government grant. This has resulted in the farmers of 
Jamka reaping rich sugarcane crops during the last two years. The farmers in Anueli, 
Jamnagar and Rajkot are also benefiting a lot (Agriculture Department, Gujarat State). 
ii. Mango orchards. In Saurashtra, Bhavanagar, Junagadh (7 km2 area under mango 
plantation) and Amerli (1km' area under mango plantation) districts are the key 
mango growing districts in the state. Bhavnagar and Junagadh constitute about 13 
percent of total area of the state under fruit production. Saurashtra alone covers about 
32 percent of the area under mangoes in the state. This area is known for the 
production of famous Kesar mango which brought Gujarat at the 7's position in India. 
State shares 6.16% production of the country and has mango plantations on 1 lakh 
hectares. Both the area and production has registered an increase over the previous 
year (1996-97) when the area and production accounted for 135.5 ha and 1820 MT/ha 
in account of the state respectively. Consequently, mango productivity depicts 
increase from 1820 to 77210$ T per ha from 1998-2007. A perusal of area under 
mango in the state indicated t tit has been growing almost linearly over the years. 
iii. Ground nut & Sesame 8% & 7%; 2004) are the principal oilseed crops of 
Saurashtra region of Gujarat jtate. These crops have achieved impressive growth in 
agricultural production of this region during last three decades and being cultivated 
throughout the saurashtra nainly for the oils (refined and vanaspati). In the 
Saurashtra, cultivation of oil deeds is most prominent as it covers 70 percent of the 
total oil seeds production ared in Gujarat. The state is the leading state for hightest 
production of the groundnut known as the "Peanut Bowl" of the India makes the state 
as leading state for its production; contributing 27% of the country's production but at 
state level, 93% is the share of Saurashtra. 
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iv. Cotton yield is well below the world average yield, because more than 70% of 
crop is rain fed. This holds true for Saurashtra cotton, which produces 54% of Gujarat 
is cotton production. In Saurashtra average productivity in the rain fed area is 
225kg/ha, whereas in the irrigated field it is 450kg/ha. In total production of major 
crops it has estimated 24% production in Sourashfra only. Hence, with the assured 
irrigation facilities there is scope for productivity enhancement. Till recently, all 
efforts in cotton industry were to increase productivity. 
2.14 Industries 
According to GIDB final report (2006) large scale industrial development has taken 
place during recent past along the coastal belt new the Gir and many giant 
industrialists have plans to set up industries. The Ambuja cement at Kodinar and the 
GHCL at Sutrapada constitute the major industries. The cement manufacturing plant 
mainly sustains upon lime stone which is quite abundant in the surrounding areas. 
With a view to giving protection to the reserved forest i.e. PA from outside 
influences, the areas around the forest and adjacent to the surrounding villages were 
declared as protected forest. With Forest (Conservation) Act, 1980 coming into force, 
all activities including mining in these areas also were prohibited and hence, presently 
the extraction of lime stone is confined to the areas outside the forest only. Expansion 
of industries has also threatened coastal forest which is the new habitat for big cats. 
2.15 Organisation of Gir National Park & Lion Sanctuary 
Gir Protected Area is being conserved by following administrative units: social 
forestry division Junagadh, normal division Junagadh, normal division Bhavnagar, 
Social forestry and two territorial units Gir (west), and Gir (East) with head quarters 
at Junagadh district and Amreli district (Dhari) respectively. Gir WLS has ranges, 60 
rounds and 152 beats to deal with problems such as illicit cutting, illegal grazing and 
poaching of wild animals as there is a considerable pressure on Gir forest from people 
living in and around the forest for their timber, fuelwood and Iv1FP requirements. 
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Jetland, 0.69 
Flora (%) 
Figure 2.1 Percentage contributions of habitats and plants categorized in Gir Lion 
Sanctuary, Gujarat. 
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Large Predator Human Conflict 
Map 2.3 Different habitat lypcs of GirLion 3ancmar9 with onekm buffer, (Source; WildpfelnsGmteof India). 
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Map 2.4 Drainage patterns of Gir Lion Sanc(uary, Gujarat. 
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Map 2.i Present locations of maldhari ness¢s and sattIementvillages in (hr Lion Sanctuary, Gujarat. 
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CHAPTER 3 
DISTRIBUTION, ABUNDANCE AND HABITAT USE OF LARGE 
PREDATORS 
3.1 Introduction 
There is a need for population estimation and understanding of habitat use pattern of 
large carnivores using scientific data for long term management of such species and 
for taking policy decisions (Jackson & Novell 1996, Karanth & Nichols 1998). The 
estimation of population size or densities for large cats has been a challenging task in 
India. Approaches and methods in past relied heavily on use of methods based on 
indirect evidences such as pug marks, spoors, scent marks etc. There has been good 
advancement in use of modem technology which has been applied for population 
estimation of large carnivores such as tigers. However use of modern techniques have 
limitations such as very high cost of equipment and need of manpower, possibility of 
theft & vandalism, and in some areas low capture rates in photographic capture-
recapture (Stephens or al. 2006, Wilting ee al. 2006, Beltran ei al. 1991, Cavallini 
1994, Gros et al. 1996). The abundance data of leopard in Gir is based on pugmark 
counts and it needed validation. However use of camera trapping was desirable for 
such validation but due to lack of sufficient funds, camera trapping could not be used. 
The other important reason for leopard abundance estimation emerged due to very 
high number of capturing of straying leopards from peripheral areas which straight 
away lead to a simple questions as to what is the actual population size of leopard 
inside Gir WLS and why are so many leopards moving out of the protected area?. To 
answer these questions it was also necessary to acquire information on population size 
of another large predator i.e lion and effect of its coexistence on co-predator like 
leopard. The conservation and LPIIC mitigation practices also require sound 
understanding of the population dynamics of problem predators to implement 
appropriate solution practices (Karanth & Madhusudan 2002). The space limitations 
arising from human activities indeed affect demographic structure and performance of 
predators and hence reduce their viability (Ngoprasert el al 2007, Lynch el al. 2008, 
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Woodroffe & Ginsberg 2000). It is particularly true in case of common leopard which 
generally lead solitary life and requires large tracts of good-quality habitats (Sunquist 
& Sunquist 2002, Gese 2001). Human-caused habitat alteration has accelerated 
recently and it is largely responsible for increasing rate of species decline and 
endangerment (Reed 2004, Kulkami el al. 2004, Kissui 2008). But this negative 
relationship with humans is not new; extinction of cheetah in 20u' century from the 
country is an example of this negative relation due to persecution and environmental 
changes (Marker et al. 2003). In contrary, the decline and extirpation of predators due 
to habitat fragmentation may generate trophic cascades (Gros et at 1996) which can 
alter the structure of ecological community as well as shape community dynamics, 
structure, and function (Wilting et at 2006, Terborgh et at 1999, Smith et at 2003). 
Research on the spatial issue of population estimation has become an essential 
conservation tool with the sense to designate the priority conservation areas and 
corridors for the species of interest. At the global meta-population level, priority is 
given to preservation of sufficiently large and viable resident populations where prey 
resources, good habitats and ample lands suffice and human impact is minimal or 
none (Sanderson et al. 2002). Moreover, the reliable estimates are important for the 
conservation purpose as it plays an important role in evaluating the effectiveness of 
conservation efforts and also provide benchmark data for future management 
decisions. Hence, keeping the aim in mind the direct and indirect approaches were 
applied to study population abundance of Gir predators (leopard & lion). 
Despite having wide distribution the leopards have been greatly reduced in number 
over their vast former range. Very little is known about the population status of 
leopards in Asia. In Iran in the mid-I970s, leopards were apparently abundant only 
into Alborg Mountains (Joslin 1988). They were present in the Karchat Hills of 
Pakistan (Schaller 1977) and found in good numbers throughout forested areas of 
India (Sanklrala 1977) and Nepal (Seidensticker 1976a, Schaller 1977). Leopard 
population has been reported from outside parks and reserves also (Santipillai et al. 
1982, Athreya et al. 2007, Bagchi & Mishra 2006). Since Gir is the sole home to 
harbor the population of Asiatic lion, its number has increased in past four decades 
due to good protection and management strategies. Presently lions range has extended 
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towards Girnar in the north. Mitiyala in the north-east, coastal forest, and hills of 
palitatna in the east. 
3.2 Methodology 
Most carnivore species are secretive and occur relatively in low densities due to 
which accurate abundance estimates are difficult and expensive to obtain (Stander 
1998). Carnivores biologists hence rely heavily on indirect evidences (e.g. scats, 
scraps, spoors, and bed sites) based methods indeed have a long history of data 
collection surveys (Gese 2001). Two approaches were used to estimate abundance and 
assess habitat use pattern of leopards & lions in Gir i) direct monitoring; by counting 
the large predators through direct actual sightings and ii) indirect monitoring; by 
counting of scats on prefixed predator paths such as roads & trails (Gese 2001). 
Standardized protocols were maintained and followed to avoid any bias throughout 
the whole study period. Surveys using indirect evidences are commonly useful for 
monitoring of relative abundance of targeted species (VanDyke et al. 1986, 
Smallwood & Fitzhugh 1995). Surveys were conducted on seasonal basis and each 
selected large predators paths were monitored once in each particular season from 
2009 to 2012 at the time when predators (leopard & lion) were thought to be more 
active. This method required field surveys, including searching of areas, identification 
of indirect evidences of species of interest. Besides, it is based on the assumption that 
use of such sampling efforts relating to direct counts & inventory of indirect 
evidences (lEs) is highly reliable to monitor population status over time in a 
demarcated area and compare abundance of target species between different locations 
or areas or even an interval of a particular time period (Gros 1996). 
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Methods for Large predators abunda nce 
estimation 
Direct evidences 	I I Indirect evidences 
direct/actual count 	clerance of seats from predecided transacts or plots. 
[reliable for open habitat & (cheap, easy&reliable) wailabilityef movement paths) 
foot pdnt /spoor count count 
camera trapping 	(may be errored cause of low posi. 
[fiscally expensive) 	] 	ofgood track sets) 
capture-mark-recapture 
all 
focused pn
elatenoes made by 
(long-tern periodic pracessl 	(pep  redators i.e. snaps, I 	 scrachs, bed sites. etc. 
(easy, cheap, reliable but analysis 
pity comlicated) 
Linear Regression 
association between 
Indices of IA &actual 
count. 
Flow chart 3.1 Availability of methods to estimate large predator abundance at a 
particular study site. 
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3.2.1 Data collection 
3.2.1.1 Survey for indirect evidences (Scat count) 
The survey was designed for monitoring of all available paths for abundance 
estimation of Gir large predators (leopard & lion). Then, the intensive survey was 
carried out to obtain information on predators presence-absence or distribution and 
pattern of habitat use in the intensive study area (ISA) (henceforth, referred as ISA) as 
it is well known that predators prefer to use selective roads or trails as travel routes 
and likely to leave scats and tracks during movement (Wilson & Delahay 2001, 
Putman 1984). The entire road network and frequently used trails of the ISA were 
selected & monitored as scats represent the predator population evenly. After having 
sufficient information and clues on paths (roads and temporary established trails) 
selected one were decided for repeated monitoring. As designing of survey in terms of 
time period to generate data is an important attribute of the research, so that the 
monitoring surveys were carried out on seasonal basis (i.e. summer, monsoon and, 
winter). The searching team comprised of trained and skilled assistants who had long 
experience in discrimination of leopard & lion scats. 
All selected trails were monitored on foot for scats clearance carefully by the research 
team to enhance accuracy in estimates by recording encountered scats on prefixed 
time schedule. Roads were monitored with a fixed speed of I Okm-h" in open Jeep. 
Wherever scats were encountered, the same were first identified and recorded. 
Supplementary information such as date & time, location and approximate age of the 
scat were also recorded. Scats of leopard & lion were easily distinguishable. 
All selected paths were cleared from all seats first than re-monitored on fixed time 
interval to collect data on number of scat accumulated meanwhile. Scat re-clearance 
was done with GPS coordinates along-with each scat location and distance of 
monitored paths were recorded properly too following (Gros 1996). The clearance of 
scats was carried out during three years surveys (2009-2012), over equal length 
sampling animal paths at the same time of the year, and with equal sampling efforts 
(number of days), at fixed time interval to avoid introducing biases associated with 
differential prey digestibility (hence differential scat deposition rates) and seasonal 
changes in food items consumed (Andelt & Andelt 1984). 
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Plate 3.i A mating pair of leopard was sighted during monitoring of prefixed transects 
in western part of Gir Lion Sanctuary, Gujarat. (Photo: Nazneen Zehra). 
Plate 3.2 A large pride of Asiatic lion resting together in western part of Gir Lion 
Sanctuary, Gujarat. (Photo: Dr. Sandeep Kumar, IfS). 
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3.2.1.2 Survey for direct sightings (Predator count) 
The selected paths used for scats monitoring were also used afterward for direct/actual 
count surveys for confirmation of population size. This is probably simplest approach 
among all direct & advanced available methods (photographic capture-recapture and 
scat collection for DNA sampling) to estimate actual population in a given area 
(Harris & Rayner 1986a, Gese 2001). Though, direct count /actual count vary usually 
depending on conditions and number of predator species (Gese 2001), the advantages 
of the drive census are its reliability and the possibility to obtain simultaneous data on 
targeted species. Under this method registrations of all opportunistic sightings of large 
predators (leopard & lion) were done within the 18A during study period. For 
leopards, the identification of sex and age was sometimes difficult due to its cryptic 
nature. The assumptions of direct counts and the estimators used to determine 
population size were carefully followed for whole sampling period. Information was 
• gathered in form of number of predator sightings and age & sex ratio (if possible). 
Each sighting was recorded using a GPS along with other necessary parameters for 
their presence throughout the study period. Afterward, emphasis was given to status 
and distribution of peripheral population of leopard which is thought to be very high 
in numbers due to frequent complaints on problem individuals. With this view a long 
term summary (2000-2012) of leopards capture—mark-recapture was obtained from 
the rescue center of Wildlife Division Sasan Gir (WDS, Gir) with complete 
information covering entire peripheral area of Gir PA. The problem leopards captured 
from periphery were marked and released back in core zone of the forest (for more 
detail see chapter 7). 
3.2.1.3 Habitat use 
Habitat patches intensively used by large predators (leopard & lion) were recorded 
(for more detail on habitat types see chapter 2) based on direct sightings or indirect 
evidences in terms of habitat type, percentage of crown densities of trees & shrubs. 
The information regarding the distance to water availability (artificial or natural) and 
human habitations (maldhari nesses) was also recorded to assess effect of human 
disturbance and distribution on the distribution of large predators (leopard & lion). 
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3.2.2 Data analysis 
12.2.1 Predictions of abundance of large predators (leopard & lion) based on 
indirect evidences 
All data sets of seats counting were pooled together on seasonal basis for the study 
period because sample of a single survey was not sufficient for analysis. The pooling 
was done for all summer (2009-2012) and winter (2009-2012) seasons to construct 
two inventories of scat counting records. Later both inventories (summer & winter) 
were summed up in one data set for overall abundance estimation. Distances of all 
monitored paths were calculated and used to calculate encounter rates for seasonal 
and overall periods following Sadlier et al. (2004): Edt = total no. of counted scats -
(IV) /tolal distance covered (km) (L). Encounter rates were calculated for trails as well 
as for roads separately on seasonal and overall basis as well the preference for type of 
path and habitat types were analyzed too. 
Precise information on scat defecation, accumulation rates and duration are needed for 
reliable individual density estimation. (IlIS software Arc Info was used intensively to 
calculate average number of seats per km' for each sample of data on seasonal i.e. 
summer & winter season while monsoon was avoided cause of lack of sufficient data) 
and for overall accounts. Defecation rates are necessary to estimate population of 
targeted species was computed by following a Davison (1980): DR = total no. of 
cleared seats (N) in particular time period / total no. of animal days. Number of gap 
days between monitoring of predefined paths (trails or routs) was fixed as 30 days on 
seasonal basis. 
The well known formula of estimating population density using indirect indices 
(scats) was used following Roth (1973) D = s (sca 4mz/l (gap days)Xd (scals/animal . 
day). Where, s = average number of scats/km2, t = number of gap days between visits, 
and d=defecation rate. This method is used widely for estimation of herbivore 
densities (Neff 1968) but it is being used for small tomedium sized predators from 
fox to coyotes (Stoddart et at 2001, Bartel et al. 2005, Bartel etal. 2008, Beltran er al 
1991). Roth (1973) modified this method to estimate density of brown bear using 
captivity of known area for an average number of scats. 
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3.2.2.2 Predictions of abundance of large predators (leopard & lion) based on 
direct sighting or actual counts 
The demarcated study area was searched for predator sightings and for each sighting 
GPS co-ordinates were recorded. The GPS co-ordinates were used to prepare thematic 
maps of the ISA with the help of GIS so8ware. 
All data regarding large predator sightings were sorted out on seasonal basis and later 
summed up for the entire study period (2009-2012). Initially, the samples of sightings 
were plotted on ISA map having grids of 2 kmx2 km to view overall distribution of 
recorded UPS co-ordinates and to construct matrixes for analysis purpose separately 
for each season (summer & winter). As leopard sightings were results of very rare 
events the data set were tested for normality distribution as for predictive purpose as it 
was desirable to understand the shape of the underlying distribution. To estimate 
abundance from direct count, thematic maps of data samples were used to construct 
matrixes of each season separately in form of presence-absence (sequence of l's and 
0's = presence & absence) at a particular site where each grid was considered as a 
independent site. Prepared data samples of all prefixed sites or locations with their 
sightings were analyzed for abundance using abundance estimation models "the 
Royle/Nichols Heterogeneity Model and Royle Model w/species counts (k=200)". 
To estimate sine of predator population residing outside Gir WLS, the collected data 
sets on capture—mark-recapture of leopards from 2000 to 2012 were plotted on 
thematic maps of peripheral villages in same way as was done for inside the park but 
grids size was expanded to 10 kmxlO km grid system to cover entire area affected by 
problem leopard. About eleven thematic maps of leopard capturing-recapturing cases 
were prepared for each year separately to construct clear sampling matrix and to find 
its distribution. These data samples were analyzed using only the "Royle/Nichols 
Heterogeneity Model". 
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Map 3.1 Network of established roads in the ISA monitored for scat couNingintiuestem Gir Lion Sancruwy, Gujarat. 
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i. The Royle-Nichols model 
The models used in analysis (Royle/Nichols Heterogeneity Model and Royle Model 
w/species counts (k=200) accommodate different kinds of distributions representing 
the spatial distribution of the targeted predators, but these focus exclusively on the 
Poisson distribution. The Royle-Nichols model assumes that each of the R sites is 
home to a certain number of individual of the targeted species and that number is a 
function of the specified process. The Poisson distribution has a single parameter, A 
(`lambda"). In this case, Iambda is the mean abundance across the R sites. The 
Poisson distribution returns the probability of any level of abundance x from 0 to w 
given some lambda. The Poisson model is a natural assumption for modeling 
abundance for two reasons. First, suppose that Ni were observable without error, and 
interest was in constructing statistical models that explain variation in the N's. Seber 
(1982) provided other instances in which the Poisson assumption is useful, Second, 
the Poisson model for abundance arises under a random distribution of animals in 
space, and hence it is popular in many ecological studies involving the distribution of 
small to large animals. 
ii. Probability of sighting an animal at a site (Mackenzie etal. 2002) 
The second major assumption of the models is related to the first: the probability of 
detection of targeted species at any site is a function of the abundance of animals 
there. All animals have some inherent detection probability that is independent of 
abundance. Some species ore easy to find and locate, while others (cougars, leopards 
etc.) are difficult. Presented models estimated such data as, r & c. these varies by 
species but constant for all individuals of a species. A typical occupancy model such 
as single-season model (Mackenzie et aL 2002, Stanley & Royle 2005) aims to 
estimate this detection probability in order to estimate the number of sites that are 
truly occupied even if there were no detection. Scat survey indices can be used to 
obtain accuracy in population estimates if the relationship between the IRA and actual 
density is known. Linear regression analysis was then used to evaluate the 
relationship between the index and actual density or abundance (Knowlton 1984, 
Quinn & Keough 2002). Once the relationship is determined, it can be applied to 
results of seats surveys to extrapolate population estimates from the indices. Studies 
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evaluating this approach have shown that indices obtained through indirect surveys 
can provide reasonable precise population estimates (Lariviere etal. 2000). 
iii. Procedure of calculation of the Royle-Nichols model 
In Royle-Nichols model the formula computes the likelihood of W sightings across 
the R sites, given T surveys, and it does so in a way that allows deriving the 
abundance. The formula works on one site at a time, and computes the probability of 
observing w; sightings at the site given the site sighting probability, Pk. There have 
been using the potential site abundances, k, to calculate rk. It has been done for all 
levels of k and then mix these k-based probabilities together according to s;, the 
probability that a given Na = k. PRESENCE also reports the beta estimates and their 
standard errors, and also the real estimates (r and lambda), their standard errors, and 
the 95% confidence intervals. 
L(w)=f {~ ~~ ~pk°`(1- pk)' 
1=1 k=n wi 
Where, 
P k =1-(1-r)k 
and 
e — x A k 
fk = 	kl 
The likelihood for a single site 
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During the analysis process it considers I site at a time, for which the likelihood is: 
k {T )Pkw`(1— Pk)T—W`Jk 
k=0 Wi 
The symbols to the left of the equal sign reads "the likelihood of w; (the total number 
of sightings at site i), given that N; equals k." The likelihood of the observed field 
data, w;, is what we are interested in. The right side of the equal sign looks incredibly 
complex, but it is just the product of two probabilities: the binomial probability of 
observing w; observations in T surveys, and the Poisson probability that there are it 
animals on the site. As the site-sighting probability depends on the number of animals 
at the site—it is conditional on abundance. These calculate the site sighting 
probability as a function of the species-sighting probability, r, and the index of 
abundance, k. Equation-5, indicates probability of seeing an animal at this site for a 
given level of k. Hence data are the sums of the number of sightings over T survey 
monitoring, w;. The results of a survey occasion are binomial, a I or a 0, so sighting at 
a site is a binomial probability. It calculates the probability of observing w; sightings 
over 'C surveys given the probability of a success is pk.  A binomial probability 
formula for a series of sighting surveys has the following three terms: 
(httu:/Imathworld wolfram.com/BinomialDistributinn html), the first term (in 
brackets) counts the number of different combinations of w; sightings found in T 
monitoring. It reads, "T choose w{' and is called the binomial coefficient. The second 
term, pj"', is the joint likelihood of w; sightings at a site given the site sighting 
probability, pk.  The final tens, (I - pk)T s  is the likelihood associated with the 
occasions when nothing was detected. Raising this to the power of T-w; gives thejoint 
probability of missing i'-w; sightings on each of the visits where sightings were 
nothing. 
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T 1 	w 	T _,y  
(Pk 	(1 - Pk) 
W iJJ 
The next step is to multiply binomial sighting findings by the term fk.  The fk is the 
prior probability (for which Poisson distribution is specified) that the site actually has 
an abundance of N;. Since each level of k is one possibility of the true site abundance, 
N;, there is need to "adjust' each probability of w; for the probability that k =N;- It's 
as if there is a weighted average of the k-based probabilities and using the prior 
distribution of abundance to assign weights. This is a mixture model of a set of 
probabilities (site sighting; binomial) according to another set of probabilities (site 
abundance; Poisson). For a single site, the likelihood is this equation 1. The fk term is 
the mixing probability—here, the Poisson prior distribution that k = Ni. The 
summation symbol tells to mix all these together for the whole range of k for the w; of 
this site (equation 4). 
iv. The Royle-Nichols likelihood for all sites 
The next step is to combine the site-likelihoods to get the likelihood over the whole 
survey (R sites) (equation I). The big II is indicating to take the product of the terms 
to the right for each site i from i = I to R. This is the product of all of the likelihoods 
for each site. This product is the likelihood of seeing this collection of w; values for 
the whole survey area. Throughout the analysis the maximum likelihood method was 
used to calculate the values for the two key parameters in the Royle-Nichils module, ]. 
and r. 
Scat survey indices can be used to obtain population estimates if the relationship 
between the index of relative abundance and actual density is known. Linear 
regression analysis was then used to evaluate the relationship between the index and 
actual density or abundance (Quinn & Keough 2002). Once the relationship is 
determined, it can be applied to results of seats surveys to extrapolate population 
estimates from the indices. Studies evaluating this approach have shown that indices 
Page 1 46 
Distribution, Abundance and Habitat Use ofLarge Predators 
obtained through indirect surveys can provide reasonable precise population estimates 
(Lariviere et at 2000). 
Habitat preference and use of large predators (Leopard & Lion) was calculated using 
information recorded along with direct or indirect evidences in proportions on 
seasonal as well as for overall annual accounts in predefined habitat types as TMF, 
TAZ, T W and R Forest during field surveys. In case of leopard, habitat preference 
was confirmed using the data of radio-collared leopards through bonferroni 
preference/avoidance index. Preference of crown density of tree & shrub was 
analyzed in form of percentage use of availability. 
Statistical analysis was completed using SPSS computer program (version 11.0). 
Spearman's rho test was used as it is a rank-order correlation coefficient which 
measures association at the ordinal level. The Kolmogorov-Smimov Test was used to 
test normality in distribution through comparison of an observed cumulative 
distribution function to a theoretical cumulative distribution. Simple linear regression 
analysis was used to test associations between RAIs of indirect evidences and density 
estimates of leopard population by direct count. The Wilcoxon Signed-Rank test was 
used to detect difference between sighting distribution of two season's summer viz. 
winter. The GIS software program 'CEO MEDIA PROFESSIONAL" (version 5.0) 
was used to project species distribution as an event theme to display species existence. 
The program PRESENCE (Version 4.0) (Donovan & Hines 2007) was used to 
analyze the abundance of large predators (leopard & lion). 
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A Picture of The Royle-Nichols Spreadsheet Model Inputs 
(The table labeled "Survey" shows sighting data) 
Page 1 48 
Distribution, Abundance and Habitat Use of Large Predators 
3.3 Results 
The twelve-occasion sampling surveys were carried out from 2009 to 2012 to derive 
RAI of large predators (leopard & lion) based on rates of encountering scats. Scats 
counted after first occasion were assumed to be accumulated within given time period 
and considered for estimation purpose by following about 21 sampling trails and 13 
sampling roads for leopard scats while 22 sampling trails and 13 sampling roads for 
lion scats. All predator paths were cleared from scats periodically. The summary of 
records of scat clearance or count during monitoring of each trail and road is 
presented in table 3.2 — 3.5. In case of leopard, all trails together with length of 42 kin 
resulted clearance of about 114 scats by repeated monitoring during summer season 
and 96 scats during winter season. Likewise, all roads together with length of 1I1 kms 
resulted in clearance of about 48 scats by repeated monitoring during summer season 
and about 64 scats during winter season. In case of lion, all trails together with length 
of 45 km resulted in clearance of about 65 scats by repeated monitoring during 
summer season while for winter season it was 59 scats. At last, all roads together with 
length of 111km have resulted in clearance of about 102 scats by repeated monitoring 
during summer season while it was recorded 99 for winter season. 
3.3.1 Distribution & abundance of large predators (leopard & lion) by indirect 
evidences 
All scats encountered were used to calculate encounter rates (ERs). In case of leopard 
ERs were calculated as 45.24 scats/l00 kin during summer, 38.10 scats/100 km 
during winter using trails, 7.21 scats/100 km during summer, 9.61 scats/100 km 
during winter using roads respectively. Encounter rates between overall trails and 
roads were calculated with major differences as extremely high (41.67) for trails and 
low (8.41) for roads. There was negligible difference in ERs of scats seasonally as 
Trails and Roads ERs collectively calculated were 17.65 scats/I 00 km during summer 
& Trails and Roads ERs collectively calculated 17.43 scats/100 km during winter 
season for leopard. Moreover, the overall ER was calculated as 17.54 scats/100 km 
respectively (Table 3.5). 
The ERs for lions were as follows: 24.07 scats/l00 kin in summer, 21.85 
scats/100km in winter using trails while summer ERs were calculated as 15.32 
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scats/100km and winter ERs were calculated as 14.86 scats/l00km using roads 
simultaneously. Encounter rates (ERs) between overall trails and overall roads were 
considerably different (22.96 seats/I00 km) for trails and (15.09 scats/l00 km) for 
roads, Estimates of ERs of seats seasonally on Trails and Roads were collectively 
calculated to be 17.84 scats/100 km during summer and Trail and Roads ERs were 
collectively calculated to be 16.88 seats/l00 km during winter. The overall ER was 
calculated as 16.82 scats/100 km respectively. Seats data showed normal distribution 
statistically (Table: 3.6). 
The distribution of encounter rates of leopard & lion scats resembled a normal 
distribution (Z = 0.863, p> a* "°" & Z=0.847, p > a' e0)  where large significance 
values indicated that the observed distribution corresponds to the theoretical 
distribution. Distribution assumed normality was employed for analyzing density 
estimates of focused predators populations. 
Seat accumulation rates (ARs) were calculated for leopard and the same were found 
to have negligible difference as ca. 22 scats/km2 during summer season & 2.3 
scats/km2 during winter season. The overall scat accumulation rate (ARs) was 
estimated to be ca.4.5 scats/km2 . The average defecation rates (DRs) calculated was 
ca.3.56 and 3.60 scats per leopard per day for winter and summer respectively 
whereas the overall rate was ca. 3.58 scats per leopard per day (mean ER = 3.58, SD 
= 0.020, Table 3.8). 
Considerable differences were found in case of lions seats accumulation rates i.e. ca. 
2.6 scats/km2 during summer season and 2.3 scats/km2 during winter season and the 
overall estimate was calculated to be ca. 5.01scats/lan2 respectively. The defecation 
rates calculated were ca. 3.51 to 3.71 scats per lion per day for winter and summer 
respectively whereas the overall estimate was ca. 3.61 (mean DR = 3.61, SD = 0.10) 
respectively (Table 3.8). 
The density of leopard was estimated to be 18.40 leopards/100 km2 for summer 
season and 17.38 leopards/100 km2 in winter season. The overall density for entire 
period was calculated to be 17.89 leopards/100 km2 respectively. The density of lion 
was estimated high for summer season (21.44 lions/100 km2) than winter season 
(18.26 lions/100 km') while for overall period it was estimated to be about 20.10 
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lions/100 km2 respectively. According to current estimates, the ISA (ISO krW) was 
found to be used by ca. 34 leopards and 39 lions during summer season and by 32 
leopards and 33 lions during winter season simultaneously. On an average ca 33 
leopards and 37 lions were calculated to use the ISA very intensively during the study 
period (2009-2012) (Table 3.8). 
3.3.2 Distribution and abundance of large predators (leopard & lion) by direct 
sightings or actual counts 
According to selected scale during preparation of thematic maps the ISA was covered 
under grid system for large predator (leopard & lion) sightings. The summary and 
distributions of sightings are presented in map number 3.2, 3.3 3.4 and 3.5. The 
sighting matrixes were analyzed through fixed grids about 42 (2x2km grid map) on 
seasonal basis which together represented overall view of sample size to calculate 
abundance of large predators (leopard & lion). A total of 136 sightings of leopards 
and 154 sightings of lions were used for analysis simultaneously (some of lion prides 
locations and some of single individual locations). 
Table 3.1 Time schedule of scat count followed during study period (2009-2012) in 
western Gir Lion Sanctuary, Gujarat. 
1 Summer (March 15—June 15"') 2009-10 
2 Winter (December 1st—Feb 15et ) 2009-10 
3 Summer (March 15`" Lune 15th ) 2010-11 
4 Winter (December Ist—Feb 15th ) 2010-11 
5 Summer (March 15th—June 15'° ) 2011-12 
6 Winter (December 1st—Feb15') 2011-12 
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Table 3.2 Summary of trails monitored for scat count of common leopard during 
study period (2009-2012) in western Oft Lion Sanctuary, Gujarat. 
No. of seats No. of scats 
No. of counted counted 
monitoring during during 
Trails ID L (Km) (2009-2012) summer winter 
AdhoriaTrail 1 2 6*6 9 9 
Amla-Junvania 11 1 6*6 7 5 
Dadhia-Amla 111 2.5 6*6 5 2 
Dadhia-Kathilad IV 3 6*6 6 4 
Dadiaguna-Bhima Kutia V 1.5 6*6 4 5 
Dudhala-Amliyara VI I 6*6 5 5 
Dudhala-Kadeli VII 2 6*6 6 4 
Dudhala-Pachali VIII 2.5 6*6 5 5 
Hanumandhar-Kadeli IX 2 6*6 4 5 
Junimidy-Kiloria X 1.5 6*6 4 1 
Kadeli-Vadlivala Pani XI 2 6*6 3 6 
Kairamba-11hibama X11 1.5 6*6 2 3 
Dadhia-Sasan XIII 3 6*6 2 2 
Pilipat-Khakhrawali XIV 3 6*6 14 10 
Pilipat-Sasan XV 2.5 6*6 4 6 
Raidy-Pachali XVI 1.5 6*6 8 7 
Ratanguna-Nanawa XVII 2 6*6 1 4 
Ratanguna-Sasan XVIII 2 6*6 2 3 
Ratanguna-Sawajwala 
Wak XIX 1 6*6 4 0 
Sasan- Gabiamba XX 3 6*6 12 5 
Sipari Trail XXI 3.5 6*6 7 5 
Total XXI 42 12 114 96 
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Table 3.3 Summary of roads monitored for scat count of common leopard during 
study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
No. of scats No. of scats 
No. of counted counted 
L monitoring during during 
Roads IU) (2009-2012) summer winter 
BavalwalaChock- 
KamleshwarDam I 10 6*6 2 2 
Bhambaphod—Dedakdi l] 16 6*6 3 4 
Khada Turn Off- Kairamba III 14 6*6 4 4 
Bavalwala Chock-Valadam IV 4 6*6 2 4 
Dedakdi-Jambuthala V 14 6*6 7 10 
Parevia-Panchali 
Parevia-Pania 
Bawahvala Chock- Pipla Aati 
Sasan-Kansia 
Sasan-Kadeli 
Dedakdi-Kairamba 
VI 2 6*6 
VII 6 6*6 
VIII 13 6*6 
IX 15 6*6 
X 3 6*6 
XI 3 6*6 
Pilipat-Kedeli Tum Off XII 3 6*6 5 4 
Sasan Naka- Bawalwala Chock XIII 3 6*6 1 4 
Total XIV 111 12 48 64 
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Table 3.4 Summary of trails monitored for seat count of Asiatic lion during study 
period (2009-2012) iii western Gir Lion Sanctuary, Gujarat. 
No. of seats No. of seats 
No. of counted counted 
L monitoring during during 
Trails ID (Km) (2009-2012) summer winter 
AdhoriaTrail I 2 6*6 4 3 
Amla- Junvania II 1 6*6 3 2 
Dadhia-Amla III 2.5 6*6 2 2 
Dadhia-Kathitad IV 3 6`6 3 3 
Dadiaguna- Bhima Kutia V 1.5 6*6 3 3 
Dudhala-Amliyara VI 1 6*6 2 4 
Dudhala-Kadeli VII 2 6*6 2 4 
Dudhala-Pachali VIII 2 6*6 4 1 
Hanumandhar-Kadcli IX 2 6*6 2 2 
Juniraidy-Kiloria X 1.5 6*6 5 5 
Kadeli-Vadlivala Pani XI 2 6*6 4 0 
Kaimmba-Bhilrama XII 1.5 6*6 3 3 
Dadhia-Sasan XIII 3 6*6 2 3 
Khakhrawali-Jambuthala XVI 1.5 6*6 5 3 
Pilipat-Khakhrawali XV 3 6.6 5 5 
Pilipat-Sasan XVI 2.5 6*6 1 3 
Raidy-Pachali XVIH 1.5 6*6 2 2 
Ratanguna-Nanawa XVIII 2.5 6*6 1 1 
Ratanguna-Sasan XIX 2 6*6 2 1 
Ratanguna-Sawajwala 
Wak XX 1 6*6 1 1 
Sasan- Gabiamba XXI 3.5 6*6 4 4 
Sipari Trail XXII 1.5 6.6 4 4 
Total XXII 45 12 65 59 
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Table 3.5 Summary of roads monitored for scat count of Asiatic lion during study 
period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Roads 	 ID 	(Kms) monitoring 	summer 	winter 
No. of 	No. of 
seats 	seats 
counted 	counted 
L 	No. of 	during 	during 
Bawal wala Chowk 
Kamleshwar Dam 	1 	10 	6*6 	13 	12 
Bhambaphod-Dedakdi 	II 	16 	6*6 11 16 
Khada Turn Off- 
Kairama 	 111 	12 	6*6 	7 	6 
Bawalwala Chock- 
Valadara 	 IV 	4 	6*6 	6 	7 
Dedakdi-Jambuthala 	V 	7 	6*6 6 16 
Parevia-Pachali 	 VI 	2 	6*6 	 6 	7 
Parevia-Dania VII 	6 	6*6 7 4 
Bawalwala'Chock- Pipla 
wall Anti 	 VIII 	13 	6*6 	 7 	7 
Sasan-Kansia 	 IX 	15 	6*6 7 2 
Sasan-Kadeli X 	16 	6*6 	 5 	3 
Dedakdi-Kairamba 	XI 	3 	6*6 13 7 
Pilipat To Kadeli Turn 
Off 	 XII 	3 	6*6 	7 	6 
Sasan Naka- Bawalwala 
Chock 	 XIII 	4 	6*6 	7 	6 
Total IKIII 	111 	12 102 	99 
., 
 
Axed Lib 
7-Rio.-~ >,f Kca ne....... _ 	~., 
wlrm Ucrit: 
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Table 3.6 Number of common leopard scats encountered, and resulting estimates of 
encounter rates (Elks) derived from a 3 years (6 seasons) field survey covering 1836 
km distance in which each trail and route was monitored six times during study period 
(2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Animal paths Seasons No. of scats Distance E.Rf100 
counted Covered (km)  km 
Trail Summer 114 252 45.24 
Trail Winter 96 252 38.10 
Roads Summer 48 666 7.21 
Roads Winter 64 666 9.61 
Trail Overall 210 504 41.67 
Roads Overall 112 1332 8.41 
Road+Trail Summer 162 918 17.65 
Road+Trail Winter 160 918 17.43 
Road+Trail Overall 322 1836 17.54 
Table 17 Number of Asiatic lion scats encountered, and resulting estimates of 
encounter rates (ERs) derived from a 3 years (6 seasons) field survey covering 1932 
bans distance in which each trail and route was monitored six times during study 
period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Animal paths Seasons No. of scats 
counted 
Distance 
Covered (kin) 
E.R/100 
. Km 
Trail Summer 65 270 24.07 
Trail Winter 59 270 21.85 
Roads Summer 102 666 15.32 
Roads Winter 99 666 14.86 
Trail Overall 124 540 22.96 
Roads Overall 201 1332 15.09 
Road+Trail Summer 167 936 17.84 
Road+Trail Winter 158 936 16.88 
Road+Trail Overall 325 1932 16.82 
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Figure 3.1 Mean encounter rates of large predators seats (leopard & lion); scats 
/1001cm2 in western Gir Lion Sanctuary, Gujarat. 
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Distribution and occupancy data of large predators were analyzed on seasonal basis 
which were later pooled together for overall calculation. During summer season about 
70 sightings of leopards and 80 sightings of lions were registered while during winter 
season 66 sightings of leopards and 74 sightings of lions were registered 
simultaneously. The distribution and occupancy of large predators were monitored 
using 16 monitoring (16 for lions and 16 for leopards) for each site or locations 
systematically from 2009-2012 (Map 3.2-3.5). Although there was significant 
difference in distributions of two co-existing large predators (leopard & lion) on 
seasonal basis using direct sightings or actual counts (summer & winter) (Z = -1.515, 
p< 0.05"'1"s  and Z = -2.349, p<0.05"-') respectively. In case of peripheral 
population of leopard, 1156 cases of leopard's registrations using capture-mark-
recapture technique during study period were recorded between 2001-2012. 
Table 3.8 Density estimates of common leopard & Asiatic lion derived from indirect 
evidences (scat count) during overall study period (2009-2012) in western Gir Lion 
Sanctuary, Gujarat. 
Seasons 
Leopard 	Winter 2.2 3.56 17.38 32 
Summer 2.3 3.60 18.40 34 
Overall 4.5 3.58 17.89 33 
Lion 	Winter 2.34 3.51 1826 33 
Summer 2.6 3.71 21.44 39 
Overall 5.01 3.61 20.10 37 
Note: A= Accumulation rate, D.R = defemtion rate 
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The Royle/Nichols Heterogeneity Model calculated the population mean values for all 
three data sets (summer, winter and for overall period from 2009-2012) of presence-
absence data to estimate abundance. The summer season produced high mean values 
for leopard population than winter season with high probability in summer (1r) = 
0.87±0.20, r = 0.157±0.027, as compared to winter (7v) = 0.66±0.17, r = 0.144±0.028), 
while the overall matrix of presence-absence data for entire period produced 7. = 
0.8610.19, r = 0.111±0.017 respectively. The occupancy rates were higher for summer 
season than winter season (W = 0.58iO.083 > 0.484±0.087), whilst for overall period 
it was similar to summer season (`F) 0.58±0.079 respectively (Table 3.12). 
Using Royle Model w/species counts (k200), the means of leopard population were 
calculated with respect to summer and winter season. The summer season produced 
higher mean value than winter season at a given site or location similarly with high 
probability for summer (A) = 0.73+0.17, c = 0.174+0.029, compared to winter (A) _ 
0.7210.18, c = 0.132±0.027) and overall matrix of presence-absence (1) = 0.74±0.16, 
c = 0.125±0.018 respectively. The occupancy rates were approximately identical for 
summer and winter season (summer "I" = 0.519±0.079 — winter "I" = 0.51410.088) 
whilst for overall period it was calculated as "p' = 0.522±0.077) respectively (Table 
3.13). 
In case of lions, seasonal means of abundance were estimated as in case of leopard. It 
was high in summer season than winter season with high probability values for 
summer (1) — 1.07+0.21, r = 0.227±0.031, compared to winter (1) = 0.80±0.25, r = 
0.096t0.027), and overall estimate k = 0.99+0.21, r =0.123±0.020 respectively. The 
occupancy rates were higher for summer season (Y' = 0.657±0.070 > 0.548+0.111), 
and the overall estimate was similar to summer season ('1') 0.627+0.079 respectively 
(Table 3.14). 
Using the Royle Model w/ species counts (k=200), the means of lion populations were 
calculated comparatively on seasonal basis. The summer season produced high mean 
values than winter season but probability of sighting at a given site or location were 
higher for winter season (summer (X) = 0.74±0.16, c = 0.204±0.030, winter (A.) = 
0.7110.21, c = 0.105±0.027), while the overall matrix of presence-absence data 
produced X = 0.87±0.18, c = 0.117±0.017 respectively. The occupancy rates were high 
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for summer season rather than winter (summer "p' = 0.521±0.076 = winter `P.  = 
0.509±0.101), whilst for overall period it was `4" = 0.579±0.075 respectively (Table 
3.15). 
However, both models, "Royle/Nichols Heterogeneity Model & Royle Model w/ 
species counts (1.--200)" (henceforth symbolized as Mol & Mo2) have provided 
relatively similar population estimates. The estimate of leopard abundance for 
summer season was 34.62±8.19 using Mol model and 30.03±6.79 using Mo2 model; 
and it was 27.15±6.96 using Mot model & 29.63±7.50 using Mo2 model for winter 
season and for overall period estimates calculated were 33.43±7.76 using Mol model 
& 30.31+6.63 using Mot model respectively. 
The estimates for lion abundance were calculated as 35.92=±7.45 using Mol model & 
33.34+6.57 using Mot model during summer semen and 32.60±10.11 using Mol 
model & 29.16+8.43 using Mo2 model during winter season while the overall 
abundance was calculated 38.85±8.81 using Mol mode] & 36.52±7.36 using Mo2 
model respectively (Table 3.14 & 15). 
Peripheral abundance of leopards was estimated as (A) =265.13+29.30 leopards 
Mal model respectively. The mean of leopard population was estimated (1r) _ 
3.47+0.28, r = 0.206±0.020) along-with occupancy rate (W) = 0.915 +0.024 leopards 
per grid respectively. 
As per the hypothesis of association between relative abundance of indirect evidences 
and density calculated from direct evidence or any other source, it was tested between 
encounter rates of seats which was used as relative abundance and associated with 
two different sets of density estimates. Description of association estimates is 
provided in Table: 3.10 & 3.11. Simple linear regression analysis provided the R and 
R2 values. The R value has indicated the nature of the correlation and the coefficient 
of determination (R2) has indicated that how much of the dependent variable (density 
estimate) can be explained by the independent variable, (relative abundance of 
indirect evidences (RAls) respectively. 
In case of leopard, the coefficient of determination (R°) explained about 86.41% 
variation between RA of indirect evidences and estimated density set (A) and about 
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33.25% between RA of indirect evidences and estimated density set (B). The 
regression equation appeared to be very useful for making predictions since the value 
of R2 is very close to 1. Whilst for lions, the coefficient of determinations (le) 
explained 82.40% variation between RA of indirect evidences and estimated density 
set (A), about 84.27% between RA of indirect evidences and estimated density set (B) 
respectively. 
Table 3.9 Comparative estimates of large predators (leopard & lion) population in the 
intensive study area (ISA) in western Gir Lion Sanctuary, Gujarat, 
Leopards/1001cm2 Lions/100km2  
(A) 	 Of (C) (A) 	 (B) (C) 
Winter 	17.38 	15.08 16.46 18.26 	18.11 1620 
Summer 	18.40 	19.23 16.68 21.44 	19.96 18.47 
Overall 	17.89 	18.58 16.84 20.10 	21.58 20.29 
Note: A = population estimation by indirect evidences, B = population estimation by direct evidences 
& analyzed by model Mon , C = population estimation by direct evidences but analyzed by model Moi. 
The normal P-p plot of the residuals exhibited the points close to diagonal line; thus 
residuals appeared to be approximately normally distributed and met the assumptions 
for regression analysis at 95% confidence zone. The standardized residual plots 
exhibited a random scatter of points (independence) with a constant spread (constant 
variance) with no values beyond the ±2 standard deviation reference lines (Fig 3.2 & 
3.3). Moreover, linear analysis did not detect any variation between independent 
variable (scat ERs) and dependent variable (density/km2) significantly (Table 3.10 & 
3.11). The correlation between densities of leopard's viz, summer, winter and overall 
period (calculated by scat count) and number of direct sightings of leopards for same 
time frame were statistically significant (r = 0.03, p < 0.05, N=3). 
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Table 3.10 Regression analysis between relative abundance indices (RAls) 
considering seat ERs and actual population size of leopard. 
Associations Analysis estimates Nature of association 
(A). RAT 	& (R=0.930, Rz= 0.864 t 1.163) Positive 	& 	stronger Density 	estimates (F=6.361, p=0.240) correlation, by 	Actual 	count, Model fitted data well, 
analysis by (Mel) Statistically significant 
(B). RAT 	& Positive & Strongest (R 0.577,Re =0.332±0.220) correlation Density 	estimates (F-0.498, p~.609) Model does not fitted data 
by 	actual 	count, well, analysis by (Mo2) 
Statistically significant 
Table 	3.11 	Regression 	analysis 	between 	relative abundance 	indices 	(RAIs) 
considering scat ERs and actual population size of lion. 
Associations Analysis estimates Nature of association 
(A). RA & Density Positive & Stronger 
estimates by Actual (R=O.908a, R2 _ ' 0.824 t correlation, 
count, 	analysis 	by 1.030) Model fitted data well, 
(Mo I) (P=4.682, p=0276) Statistically significant 
(B). RA & Density Positive &Stronger 
estimates by actual (R=0.918, R2=0.843 11.149) correlation, 
count, 	analysis 	by (F5 .360, p =0.260) Model fitted data well, 
(Mo2) Statistically significant 
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Figure 3.2 Associations between RAl and estimated density of leopard. al & bl are 
representing normality of residuals (model fit), at 95% Cl by saying that the slope of 
the true regression line is outward somewhere from confidence zone and a 2 & b 2 are 
representing S.D. reference lines for potential outliers. 
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Figure 3.3 Associations between RAI and estimated density of lion. al & bl are 
representing normality of residuals (model fit), at 95% Cl by saying that the slope of 
the true regression line is between somewhere in confidence zone and a 2 & b 2 are 
representing S.D. reference lines for potential outliers. 
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Table 3.12 Estimates of leopard abundance using RDy1eINithoIs Heterogeneity Model during study period (2009.2012) io western Gir 
Lion Sanctuary. [Untransformed estimates of coefficients for covariates (Beta's)]. N = No. of sites, S.O=sampling occasions. 
Version 4.1120214; Bootstraps-1000 for each one Royle/Nichols Heterogeneity Model 
Duration N 5.0 AIC Estimated Factor Estimation S.E 
9 LB CI 
LB 	LB 
Winter 41 16 375.749 -21og(Ikelihood) 371.749 
(Be✓e's)('&(beta's)('r) •0.412&•1.77 0.256&0.231 - 
avg. Abundance (n) 0.66 	0.17 0.40 1.09 
sighting probability (r) 0.144 	0.028 	0,096 0210 
Occupancy (psi=fl 0484 	0.087 	0.330 0.665 
Total abundance (1) 27,15 6.96 16.42 44.89 
Summer 41 16 452.969 -21og(likelihood) 448.969 
(Beta's)())&(Bela's)('r) -140&•1,681 0.229&0209 
avg. Abundance ~) 0.87 0.20 0.55 1.36 
sighting probability (r) 0.157 0.027 0.110 0.219 
Occupancy (psi='I 0.580 0.083 0,425 0,744 
Total abundance (1) 34.62 8.19 22.70 5589 
2009.12 41 32 	1 733.614 	•2log(likelihood) 729.614 
Overall (Beta's)(7.)&{Beta's)(r) .0,145&•2073 0.118&0.176 
Abundance(?.) 	0.86 0.19 0+56 1.33 
sightingpmbabilitg (r) 	0,111 0.017 0.081 0.150 
Occupancy (psi 	'I 0.58 0.079 0.430 0,734 
Total abundance iN) 33.45 7.76 23,09 5444 
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Table 3.13 Estimates of leopard abundance using Roy le Model wApecies counts (k-200) during study period (2009.2012) in western Cn 
Lion Sanctuary. [Untransformed Estimates o?eoef icients for cavariates (Beta's)]. N =No. of sites, S.O.=Samplingoccasions. 
Version 4.1120214; Bootstraps-1000foreach one - 	Royle Model wl species counts (Ik=200) 
Duration 
N S.0 AIC Estimated pastor Estimation 	SE 9 B 
 CI 
LB 	UB 
Winter 41 16 397.484 •2log(likelihood) 393.484 
(Betds))&(Beta)(''p) -0.324&-1.875 	0.253&0.242 - 
avg.Abundance(k) 0.72 	0.18 0.44 1.19 
sighting probability (c) 0.132 	0.027 0.087 0.197 
Occupancy (psi=4) 0.514 	0,088 0.355 0.694 
Total abundance l) 29.63 7.50 18,03 48.67 
Summer 41 16 462.206 •21og(likelihood) 458.206 
(Betas)(')&(Bua's)("p) •0,311&.1.551 0226&0.201 - 
avg.AbundanceO.) 0.73 0,17 0.47 	1.14 
sighangprobability (c). 0.174 0.029 0.125 	0.239 
Occupancy(psi='17 0.519 0.079 	0.375 0.680 
Total abundance (N) 30.03 6.79 	1928. 46,76 
2009.12 41 32 741.60 •21og(likelihood) 737.60 
Overall (Beta's)('9.)&(Bata's) ( "p) -0.301& 1,938 0.218&0.169 
avg. Abundance (2) 0.74 0.16 	0.48 1.13 
sighting probability (c) 0.125 0.018 0.093 0,167 
Occupancy (si='fl 9.522 0.077 0382 0.678 
Total abundance (M 3031 6.63 19.75 46.53 
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Table 3.14 Estimates of Asiatic Lion abundance using Royle/Nichols Heterogeneity Model during study period (2009-2012) in western 
Gir Lion Sanctuary. [Ilntransformed estimates of coefficients for covariates (Beta's)]. N No, of sites. SO=Sampling occasions, 
Version 4.1_120214; Boolstraps=k000for each one Rovlel.Nichols Heterogeneity Model 
Duration N so AIC 	Estimated Factor Estimation SE 95% CI 
LB UB 
Winter 41 16 334.842 •21og(likelihood) 330.842 
(Deta's)('L)&(Bata's) ('r) •0.229&•2.235 0.310&0.311 
avg. Abundance (1) 0.80 0.25 0.43 1.46 
sightingprobabllity (r) 0.096 0,027 0.054 0.164 
Occupancy (psi 	'P) 0.548 0,111 0,351 0,767 
Total abundance i11) 32.60 10,11 17.15 59.98 
Summer 41 16 390.969 -2log(likelihood) 386.969 
(Bete's)(I) etas) ('r) 0.068&-1.22 0.192&0.178 
avg. Abundance(',) 1.07 0.21 0.73 1.56 
sightiegprobability (r) 	0,227 0.031 0.172 0,295 
Occupancy (psi=l 	0.67 0.070 0.520 0.790 
Totalabunda>ice(4) 	35,92 	7,45 30.13 64.03 
2009-2012 41 	32 605958 •2Iog(likelihood) 	601.958 
Overall (Beta's)('?,)&(Betas)('r) 	•0.011&-1.962 	0,217&0.190 - 
avg.Abundance(L) 0.99 	0.21 0.65 1.51 
sighting probability (r) 0,123 	0.020 0,088 0,169 
Occupancy(psi=W) 0,627 	0.079 0.560 0.834 
Total abundance (h) 38.95 8.81 26.48 62.0) 
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Table 3.15 Estimates of Asiatic Lion abundance using Royle Model wispecies counts (k=200) during study period (2009.2012) in 
western Gir Lien Sanctuary. [Untransformed Estimates of coefficients foreovariales (Beta's)], N= No. of sites, S,O=Sampling 
occasions, 
Version 41120214; Bootstraps=1000for each one Royle Model wl species counts (1 200) 
Duration N S.0 AIC Estimated  Factor Estimation 	S.E 
LBA Cl 
LB 	•UB 
winter 41 16 337.357 •2log(likelihoed) 333,357 
(Beta's)(').)&(Beta's)(") -0.340&2.142 0289&0290 - 
ave Abundance (k) 0.71 0.21 0.40 0.40 
sighting 	robabilty (c) 0,105 0.027 0.062 0.171 
Occupancy (psi=4'} 0,509 0.101 0.332 0.714 
Total abundance (N) 29.16 8.43 16.55 31.39 
summer 41 16 50732 	•2log(1ikelihood) 503.327 
(Beta's)(i)&(Beta's) (p) -U304&•1357 0.217&0187 
avg. Abundance (1) 0.74 0.16 0.48 1.13 
sighfngprobability (c) 0.204 0.030 0.151 0270 
Occupancy (psi -T) 0,521 0.076 0382 0.676 
Totalabundanee(N) 33,24 6.57 1975 4629 
2009.2012 41 	32 800.521 •2log(Ilkehiaod) 796.523 
(Bels's)(ti)&(Eeta's)(p) •0.143&-2.01 0.207&0,165 
avg, Abundance (1) 0.87 0.18 0.58 1.30 
sighlingprobability (c) 0117 0.017 0.088 0,156 
Occupancy(psi=t) 0.579 0.075 0.438 0.727 
Total abundance (N) 3632 736 23.66 53.30 
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Table 3.16 &timates of leopard abundance during study period (2000.2012) at periphery of Gir PA using Roylefichols Heterogeneity 
Model, [Untransformed estimates of coefficients for covariates (Beta's)]. N=No. of sites, S.O.=Sampling occasions. 
Version 4.1 120214 Royle/Nichols Heterogeneity Model 
y Duration N S.0 	Estimated Factor 	Estimation S.E 95%C1 
I  LB UB 
2001.2012 40 11 •214likclihood) 	1330.646 
AIC 	 1334,646 - 
(Beta's)(I) 	 0.903 0.115 
(Beta's) 	r) •1.345 0.126 
avg. Abundance (7) 3.47 0.28 1.97 3.09 
sighting probability (r) 0.206 0.020 0.l8 0250 
Occupancy (psi = 4') 0.915 0.024 0.860 0,954 
Total abundance (N) 265.13 	29.30 202.72 318.58 
Note: Data used for population eslimation of leopard at periphery of Gir Lion Sancnmry obtained from rescue department in form of 
ycar•wise no, of rescued leopards from 2001.2012. 
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3.3.3 Pattern of habitat use by large predators (leopard & lion) using direct and 
indirect evidences 
The differences in habitat use of large predators (leopard & lion) were calculated 
using percentage use of each habitat type. In case of leopard, habitat use pattern using 
indirect evidences (seats) on seasonal basis was as follows TAZ>TM>R>TW with 
following order of use 47.92>35.42>12.08>4.58 during summer season, 
TM>TAZ>R>TW with following order of use 52.99>25.90>20.72>0.40 during 
winter season and the overall use for entire study period was same as that of winter 
season TM>TAZ>R>TW with following proportions 44.40>36.66>16.50>2.44 
respectively. Using direct sightings the pattern of habitat use emerged as 
R>TM>TW>TAZ with following proportions 52.50>37.50>6.25>3.75 during 
summer season, TM>R>TAZ>TW with following proportions 
53.52>28.17>14.08>4.22 during monsoon season, TM>R>TA >'1'W with following 
proportions 41.67>29.17>25.00>4.17 during winter season, whereas for overall study 
period, it was as TM>R>TAZ>TW with following proportions 
53.52>28.17>14.08>4.22 respectively (for details of seasonal schedule see Table:3.1 
and Fig: 3.4). The difference in habitat use was confirmed using habitat selection 
indices of RC leopards recorded during whole study period within the ISA (Table 
3.17). Bonferroni indices found statistically significant difference (F3,16 = 3.316, p = 
0.047) between R & TW habitat use at 95% confidence interval (0.3495 LL - 70.2595 
UL). 
In case of lion, the habitat use pattern using indirect evidences (scats) on seasonal 
basis was as follows: R>TM>TAZ>TW with following proportions 
53.98>27.20>14.64>4.18 during summer season, TM>TAZ>R>TW with following 
proportions 64.42>16.56>12.89>6.13 during winter season whilst for overall study 
period it was calculated as TM>R>TAZ>TW with following proportions 
42.29>37.32>15.42>4.97 respectively. Using direct evidences the habitat use pattern 
emerged as R>TM>TAZ>TW with following proportions 47.50>28.75>18.75>5.00 
during summer season, TM>R>TAZ>TW with following proportions 
46.15>30.77>23.08 during monsoon season, If>TM>TAZ>TW with following 
proportions 50.84>32.20>11.86>5.08 during winter season whilst for overall study 
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period, it was as TM>R>TAZ>TW with following proportions 
45.61>39.18>10.53>4.68 respectively (Fig: 3.5). The medium crown cover density 
(25-50%) was used more by leopards compared to lions which exhibited preference 
for low shrub cover density (0-25%) was recorded throughout the study duration 
(Table 3.18). In relation to water availability maximum sightings were observed 
within 100 m distance while impact of human disturbance kept predators at a distance 
of I-1.5km respectively (Table 3.19). 
Table 3.17 Habitat use by radio-collared leopards during study period (2009-2012) 
in western Gir Lion Sanctuary, Gujarat. 
Multiple Comparisons 
Dependent Variable. SIGHTING 
Rnnfprmni 
95% Confidence Interval 
Lower Beund Upper Bound HABITAT (J) HABITAT (-J) Sid. Error 51g. 
TM 	TAZ  12.87059 1.000 -332690 44.1690 
TW 
F-22.5500 
 
 12.38473 1.000 -24.5074 50.0074 
R 12.87059 .593 -61.2690 16.1690 
TAZ 	TM  12.87059 1.000 -04.1690 33.2690 
TW  11.61791 1.000 -27.6505 42.2505 
 12.13451 .208 -64.5046 8.5046 
TW 	TM -12.7500 12.38473 1.000 -50.0074 24.5074 
TAZ -7.3000 11.61791 1.000 -42.2505 27.6505 
R -35.3000 11.61791 .047 -70.2505 -.3495 
R 	TM 22.5500 12.87059 .593 -16.1690 61.2690 
TAZ 28.0000 12.13451 .206 -8.5046 64.5046 
TW 35.3000' 11.61791 .047 I.345  70.2505 
The mean difference is signilcent at the .05 level. 
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Figure 3.4 Habitat use (M. of locations in each habitat type) by leopard using direct 
and indirect evidences during study period (2009-2012) in western Gir Lion 
Sanctuary, Gujarat. 
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pure 3.5 Habitat use (% of locations in each habitat type) by lion using direct and 
irect evidences during study period (2009-2012) in western Gir Lion Sanctuary, 
jarat. 
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Table 3.18 Large predators (leopard and lion) use of forest crown density (% of GPS 
co-ordinates) during study period (2009-2012) in western Gir Lion Sanctuary, 
Gujarat. 
Crown Crown Lion Leopard density density 
Category (%)Tree (%)Shrub (%)Tree (%)Shrub (%) Cover Cover Cover Cover 
Low 0-25 9.92 89.81 7.I4 86.67 
Medium 25-50 80.9 10.19 92.86 13.33 
Nigh 50-75 9.18 - - - 
Table 3.19 Large predators (leopard & lion) sightings in relation to water availability 
(natural or artificial) and human habitations during study period (2009-2012) in 
western Gir Lion Sanctuary, Gujarat. 
Distance 	I'1O°  Lion sightings Leopard 	- Leopard sightings sightings sightings 
In 	relation In 	relation 	to In 	relation 	to In 	relation 	to  (m)  
to WP HH WP HH 
0 52 7 30 40* 
<100 47 2 40 13 
L00 23 4 16 13 
200 17 5 8 8 
300 8 2 2 - 
400 2 - 16 2 
500 12 7 3 10 
600 2 I 3 - 
700 0 - 6 4 
800 - I - - 
1000 6 42 8 20 
1500 - 30 - 14 
2000 - 16 - 10 
2500 - 3 - 1 
3000 - 4 - 2 
Total 169 124 132 97 
'containing most of the sightings of radio collared leopards. 
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3.4 Discussion 
There is generally poor information on population estimation of large predators 
(Large carnivores) because of censusing difficulties. Indeed, populations of large 
predators require scientific information and calculations on their distribution and 
reliable estimates on abundance (population size), and their response to human 
impacts and conservation interventions for improving conservation effort (Karanth & 
Nichols 1998). The methodologies which have been used to determine population size 
of large predators are diverse (Gese 2001). and all have simultaneous advantages and 
disadvantages that have to he evaluated according to the conditions of the study area 
and study ohjcctivcs because it is hypothesized (MacKenzie & Royle 2005) that 
designing of the study works as much an art as a science. 
Globally, numerous studies have been carried out on similar aspects such as (ion 
density aM population swcnae in the Scions Game Reserve by Creel & Creel (1997), 
population dynamics of coyotes in south-eastern Colorado by Gese et al. (1989) etc. 
Large carnivores ecology and population status by Koehler (2001), sampling designs 
for carnivore scent-station surveys to estimate population status by Sargeant et at. 
(2003), estimation of Jaguar (Pan/hem onca) abundance and density in mountain 
ranges of southern Arizona by McCain & Childs (2008), in the Kaa-lya National 
Park, Bolivia's Chaco by Maffei et at (2004), estimating Grizzley bear distribution 
and abundance relative to habitat and hmuaa influence by Apps & Mclellan (2004), 
population estimation of snow leopard (Unciu uncial in Ladakh by Jackson el at. 
(2006), study of ocelot and other secretive mammals in the northern Pantanal by 
Trolle & Kery (2005), factors influencing the distribution of large mammals within a 
protected central African forest by Blom of at (2005), status of laic carnivores I Bouha 
Ndjida National Pads, Cameron by Bauer (2007), and estimation of large mammals in 
Tanzania by Waltert at al. (2009). In otthers, Gfford (2004), Paviolo (200R), Shaffer 
(1981), Soisalo & Cavalcanti (2006), Stainley & Royle (2005), Varman & Sukurnar 
(1995) have worked on population estimation of large predators worldwide. 
Although, few studies have been carried out in Indian-sub continent and more 
emphasis has been given for population estimation of tiger such as study on tigers 
abundance by Karanth & Stith (1999), study on gender discrimination of tigers for 
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their population estimation by Sharma et al. (2005), estimation of tiger population by 
Karanth et al. (2003), status of tiger and leopard in Rajaji — Corbett by Johnsingh et 
al. (1993), status of fluctuations in leopards abundance over time by Mondal (2006) & 
Harihar et al. (2009) etc. Leopard has been studied rarely for population estimation 
such as estimating leopard in Sariska Tiger Reserve by Chauhan (2005), and a study 
on leopard (Panthera pardus) in Garhwal Himalayas by Chauhan & Goyal (2000). 
Hence, scat count was selected and followed by direct sightings or actual counts to 
complement each other because these methods are easy, fiscally cheap, require little 
training, can be conducted by small manpower, give uncomplicated estimates, and can 
be carried out in wide variety of habitats. Such methods have good potential to 
implement in different areas for comparative purposes (Buckland et al. 1993, Linhart 
& Knowlton 1975). Wilting et al. (2006) applied this combination of methods 
(indirect indices along with direct sightings) on clouded leopard, Sabah Malaysia and 
presented a figure of 8-17 leopards/IOOkm2 and predicted adequacy of available area 
for its population (> 50 clouded leopards). The study in Gir has provided good 
preliminary estimate on the present status of leopard population in Gir WLS where 
lions have been counted regularly being a flagship species for conservation (Figure: 
3.6). Conceptually, population estimates by indirect evidences provide the trend of 
population of targeted species over a time of monitoring. This method is quite reliable 
particularly for leopards as they are secretive co-predator. Possibility of any error was 
reduced to a great extent by discarding the data of first sampling as recommended by 
Davison (1980) & Stoddart (1984) during population estimation of coyote. Recently, 
methodology was reviewed with positive impression by Gese (2001) following 
several studies (i.e. Red fox (Beltran et al. 1991), Coyotes (Davison 1980, Andelt & 
Andelt 1984, Bartel at al. 2008) and Wolves (Crete & Messier 1987) etc. 
3.4.1 Population size by indirect evidences 
Encounter rates showed that trails were used more than roads by leopards & lions 
during their day today ecological and biological requirements (Jackson & Hunter 
1996, Beier & Cunningham 1996) while they used roads just to cross different areas 
or habitats (Cavallini 1994). The encounter rates for both large predators were higher 
in summer season compared to winter season which is perhaps due to significant 
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changes in distribution of both predators as prey populations concentrate around 
limited water availability inside the study area. Drastic reduction in cover condition 
open up habitats leading to higher detections of both predators during summer season 
and therefore the high encounter rates. Defecation rates may be fluctuate due to 
numerous factors such as prey availability, animal body weight, age structure of the 
population of targeted predator and weather conditions (Schaller 1963, Tutin et al. 
1991, Beltran et al. 1991). Mean Defecation rates of large predators (Leopard & Lion) 
have been calculated higher for wild (3.58~Y ) compared to captivity'whcre it was 
found to be lower (2.5''") for leopards and 3.61-0ry in wild and 2.7-0x' in captivity for 
lions. Defecation rates in captivity were computed based on 3 months monitoring of 
ex-situ leopards & lions kept at the Rescue Center, Sasan Gir while scat accumulation 
rates (ARS/km2) calculated were also high. Roth (1973) reported defecation rates for 
brown bear, to be 5.0" °"' for adult males and 6.0.for both sex. Andelt & Andelt 
(1984) reported that seasonal changes also have influence on defecation rates (DRs) 
of an animal. Leopard density estimated using scats DRs & ARs were lower than 
lions. 
3.4.2 Population size by direct evidences (sighting or count) 
Population size obtained by direct sightings were remarkably close to the estimates 
obtained by indirect evidences. Among total monitored sites, about 73.81% sites were 
occupied by leopards and 61.36% sites were occupied by lion prides (Map: 3.2 & 
3.5). Modeling of direct count data in the form of presence—absence is a widely used 
approach to estimate abundance particularly of cryptic species. For direct count, GIS 
technique was used and grid size was opted according to ranging pattern to avoid false 
absence at the site as conceptualized in the theory of occupancy by MacKenzie et al. 
(2006). In the light of ever increasing costs of wildlife research and conservation, in-
expensive methods like this have always warranted special attention (Tosh et al. 
2004). Detection probabilities and occupancy rates have been fairly verified for a 
variety of taxa including tiger (Fanthera rigris) in India and Malaysia (MacKenzie & 
Royle 2005, MacKenzie & Bailey 2004, Linkie cr al. 2007, Stainley & Royle 2005). 
Under this model, the distribution predicted by each sighting or number of sightings 
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or time period independently of every other sighting or number of sightings or time 
period respectively. 
3.4.3 Performance of Royle-Nichols model 
The single-season model estimated the detection probability in order to estimate the 
number of sites that were truly occupied by targeted predator species even if there 
were no detections (MacKenzie et al. 2002). Lamda (7v) depicts bias is generally rare 
over the range of situations considered in the simulations but perform very well under 
the right circumstances. For example, larger values of R (sites) and T (time) provide 
more favorable conditions for estimating X. The estimates of predator detection 
probability exhibited accuracy of the estimates as for winter sample, r > 0.1. For 
summer and overall samples r is slightly above from 0.1. In such cases, the bias is 
typically; 10-15% which is not unexpected because 4 is not as small. The probability 
of detection of targeted species at any site is a function of the abundance of 
individuals there. Usually all animals have some inherent detection probability that is 
independent of abundance where some species are may to find and locate (e.g. lion) 
while others are quite difficult (e.g. leopard, cougars etc.). In contrary probability vary 
species-wise but remain constant for all individuals of a species. Detection probability 
of cougars is estimated r = 0.1 (Anderson Jr. 2003). Population estimates provided by 
indirect evidences were slightly low in comparison of estimates provided by direct 
count. It was not troublesome because in direct count some data were added from all 
the three seasons (summer, monsoon, and winter) whereas scats were counted only 
during two seasons only. 
3.4.4 Relative performance of two methods (Relationship between true density 
and RAIs) 
However, both methods (counting of targeted predators by indirect evidences "scats" 
and direct sightings) were quite useful and have presented predictable precision in 
estimates of large predators (leopard & lion) in the ISA where ERs have successfully 
performed as RAI to associate with densities estimated by direct counts. Because, an 
understanding of the statistical relationship between indirect RAIs and true density is 
of primary importance when implementing a measure of indirect evidences for 
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population estimation as it improves reliability of cheaper indirect sampling method 
(Eberhardt & Simmonsm 1987). Karanth at at (2003) reviewed 30 years of pugmark 
census data to estimate abundance of tigers in India but estimates lacked statistical 
significance which decreased the reliability of the estimates. Hence, the density 
estimates calculated through indirect evidences were positively associated with 
density estimates calculated though direct sightings (Fig 3.2 & 3.3) and in contrary 
suggested that scat ERs can be used as a surrogate of predators densities throughout 
the species distribution range (Fig 3.1). Diefenbach at at (1994) applied it on Bobcat 
(Lynx rufus) in Georgia and found positively relationship between two estimates. 
Sehauster er at. (2002) reported positive relationship between scent mark station 
estimates and swift fox density with in Colorado. Knowlton (1984) tested this 
correlation on coyotes and reported positive correlation (R2 = 0.79) between scent 
stations and Coyote (C. (atrans) population size and same year on same species, it 
was reported (R2 = 0.97) between seat deposition rates and densities estimated by 
mark-recapture method. Crete & Messier (1987) found positive correlation (R2 =0.90) 
between RAIs and actual density estimates of Wolf (Canis lupus). Whilst, few studies 
did not find any such correlation between RAIs and their true densities (Smith at at 
1994). Few studies have tested such associations within and between different habitats 
and found differences in the relationship between RAIs of indirect evidences and 
actual densities (Niebauer & Rongstad 1977, Stoddart el al. 2001, Bartel at al. 2005). 
3.4.5 Factors affecting large predators distribution 
Density estimates of large predators are reportedly varied between study sites and 
regions owing variation in habitat types, topography and prey availability. Leopard 
density was estimated comparatively higher from other sites presumably because of 
higher carrying capacity of west Gir (IChorozyan et al. 2008, Karanth at al. 2004, 
Paviolo et al. 2008) and habitat use of leopards and their potential prey species are 
correlated positively but lacked significance. Lion density was also higher as 
compared to past estimates from Gir WLS which is due to continuous increase in 
population size (Fig 3.6). 
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3.4.6 Comparison from other studies 
On comparison of lion estimates from other studies worldwide, the lion population 
density was found to be lower than lion densities in Masai Mara National Park (Table 
3.21). The lion population in Gir has been steadily rising and it remains to be seen 
where the population density of lion in Gir will stabilize. Karanth et at (2004) 
suggested that if prey availability exceeds the actual estimates of targeted predator, it 
is significant sign of healthy predator population (Khorozyan et al. 2008, Paviolo et 
al. 2008). This appears to be the case in Gir as the prey population is abundant and it 
perhaps exceeds the annual requirement of lion and leopard considering the fact that 
domestic livestock also contributes to the available biomass. 
Large predators in Gir (leopard & lion) predominately occupy TIM habitat as perhaps 
diversity in plant species composition of habitat attracts more prey (for more 
information see chapter 4 prey habitat use). Predators get opportunities for regular 
sequential hunting (personal obs.) and they rest around the kill until it is not fully 
consumed (Bailey 2005, Balme et al. 2007). Leopards used all identified habitat types 
significantly but difference was detected between RF and TW which indicate that TW 
was not used as intensively as riverine belts (Table 3.17). Kumar et al (2002) 
reported significant differences in major habitat use of largo carnivores but low 
occurrence of leopards in rainforest and deciduous forest in comparison to others. Tn 
case of forest canopy use, it is assumed that ideal habitat of lions is with open canopy 
like savannah forest (i.e. documentaries of east Africa & research of Serengeti Park, 
Schaller 1972, Singh 2005) while under this study Asiatic lions utilized medium 
canopy cover over relatively dense canopy cover Jhala at al. (2009) also reported a 
similar habitat use pattern of lion in Gir (Table 3.18). 
There is direct association between prey species and their particular habitat types 
which fluctuate seasonally (Khan 1993, Crawshaw & Quigley 1991, Imeharoen el al. 
2008) and lead to habitat selection by large predators following optical foraging 
theory (Pyke 1984). Balme at al. (2007) concluded that large predators prefer habitats 
where hunting is easier rather than prey abundance. Although close associations of 
large predators to watering sites have been described widely as a key hunting point 
(Crashaw & Quigley 1991) and have found same in present study (Table 3.17). 
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3.4.7 Conclusion 
The population density values for leopard and lion estimated using scat as indirect 
evidence and direct sightings provided reasonable abundance figures for both species 
and both methods provided similar estimates. Therefore the methods and sampling 
protocol used under the present study could be a very useful tool to monitor 
population status and distribution of leopard and lion in future if it is adopted by the 
managers and implemented for whole of Gir WLS. Being inexpensive method, it is 
much easier to carry out periodically and it can provide much information compared 
to other expansive methods. In fact, the process of scat count from the area will 
alternatively provide the material of food habit analysis if done systematically with 
minimum bias. The use of both types of methods (direct & indirect) is recommended. 
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Figure 3.6 The trend of lion population in Gir Lion Sanctuary, Gujarat, India. 
Estimation was done using total count method for over three days by the forest 
department. 
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Table 3.20 Correlation between Gir predators (leopard & lion) and their key prey 
species. 
Leopard 0.800 0.800 - 	- 	0.500 0.800 
Lion 	0.800 0.800 0.500 0.800 - 	- 
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Map 3.2 Distribution of Common leopard registered through direct sightings on seasonal basis during study period (2009-2012) in 
Western Gir Lion Sanctuary, Gujarat. 
Page 183 
Distribution, Abundance and Habitat Use of Large predators 
32 Disbibution of Asiatic on registered through direct sightings on seasonal basis during study period (2009.2012) in Western (fir 
Lion Sanctuary, Gujarat. 
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Map 3.4 Distribution of leopard registered through indirect evidences on seasonal basis during study period (2009.2012) in Western (fir 
Lion Sanomary, Gujarat. 
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Map 3,5 Distribution of Asiatic lion registered through indirect evidences on seascnal basis during study period (2009-2012) in Western 
GirLion Sanctuary, Gujarat, 
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Table 3.21 Comparative density estimates of leopard population from different study sites including Gk Lion Soncluary. 
Study Sites 	 Area 	Densitgl100km1 	Authors & Sources 
Western Gir Lion Sanctuary, Gujarat, India 1412,13 1858 'Present study, 209-2012 
Sadska Tiger Resene, Rajasthan, India 273.80 10.7 1Monda1(2011) 
Satpura National Park, MP, India 524.37 7-8 'Edgaonkar ( 2008) 
RajajiNapoaalPark(West)foolhillsofHimalaya,lndia 320.42 9.8 -Mondal (2006) 
RajejiNadonal Park (East) 820.42 14,9 SHarihar etal (2009) 
Mudumalai Tiger Rwc, TN, India 321.95 14,9 6Kaleetal.(201I) 
Mera Poh, Malayasia 4,343 6 °Kawanishi&Sanquist(2004) 
Phinda R, South Africa 220 9.27 e Balme eta!, (2009) 
Ml haze R, South Africa 400 10.7 SBalme et al, (2009) 
Sariska Tiger Reserve, Rajasthan, India 273.80 16 10Chauhan (2005) 
SariskaTiger Reserve, Rajasthan, India 273.80 10.1 °Mondal (2011) 
Damn National Pally Iran 480 1.9 11Khorozyan (2008) 
Jabal Sampan Nature Reserve, Oman 4500 0.4 13Spalton et al. (2006) 
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Table 3.22 Comparative estimate of Asiatic lion population density from available records from different protected areas worldwide, 
Study site 	 Area (km) 	Density1100 km' 	Authors & Sources 
Western Gir Lion Sanctuary , Gujarat India 	1412.13 	21.58 	'Present study,2009.2012 
Gir National Park & Sanctuary, Gujarat, India 	„ 	 I5 `Jhala 2004 
Kruger National Park, South Africa 	 235 13 	 3Funston st al, 2003 
Selous Game Reserve, Tanzania 2,600 8.13 °Creel & Creel,1991 
Etosha National Park, Namibia 22,270 2 5Stander 1991 
Serengeti National Park, Tanzania 40,000 6.3 6Hanhy er al. 1995 
Luanp,a Valley, Zambia 355 13.8 'Yamazuki 1996 
Masai Mara National Party Kenya 1530 35.8 SOgutu & Dublin 2002 
Ngorongoro Crater, Tanzania 260 20.4 ?Hanby el a!, 1995 
ChobeNational Park, 11,700 1.8 'Cooper 1991 
Hwarge National Park, Zimbabwe 14,600 2.7 "Loveridge,eta1.2007 
Waza National PA, Cameroon 1,700 1.5 '2Tumenta et al. 2009 
KuneneNationalParlkNamibia 	 51,380 	0.05-0.62 	'Stander2006 
Tarangire National Park, Tanzania 	 2,600 	11,5 14 Ryen & Soressina 2003 
Phinda R, South At! ca 	 220 12.90 	'SBalmeer al, (2009) 
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CHAPTER 4 
PREY BIOMASS AVAILABILITY: CURRENT DENSITIES AND 
BIOMASS 
4.1 Introduction 
The diversity of ungulates in the Indian subcontinent is particularly rich with 39 
species belonging to 23 genera, seven families and two orders (Prater 1993), which 
constitute nearly 15% of the extant ungulates species present in the world (Wilson & 
Reeder 2005). Different ungulates species form bulk of prey items for majority of 
predators. Their influence stretches across nearly every biome, and they are 
represented in all zoogeographic regions except Antarctica (Wilson & Reeder 2005). 
With human help, ungulates have expanded into nearly every comer of the globe. The 
literature relating to the management of ungulate population via information on 
distribution and abundance continues to grow rapidly as estimation of biomass is 
central to any ecological as well as management study. 
In tropical forest, ungulates play a vital role in ecosystem processes by influencing 
forest structure and composition, productivity, succession, and nutrient cycling etc. 
systematically (Crawley 1983, Jathanna et al. 2003, Rooney & Waller 2003). The 
survival and perpetuation of large predators also depends on the availability of 
adequate prey biomass particularly ungulates form an important constituent of trophic 
chain (Karanth et al. 2004, Wang 2009, Ramakrishinan et al. 1999, Chaudhari & 
Khadse 2006). In fact, following the assumption that predators follow a Type III 
functional response, i.e. they switch to the most common prey species in an area. 
Several scientific studies have demonstrated a strong relationship between prey-
predator populations (Cavalcanti 2008, Karanth & Stith 1999). There may be a linear 
relationship between prey availability and predator density which may also be used to 
determine predator population in a given area (Karanth et al. 2004). Therefore 
assessing the estimate of abundance of prey population in relation to seasonal 
variation and habitatuse becomes a central theme of any ecological study of prey-
predators. Conservation initiatives for large predators often focus on securing and 
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maintaining a healthy prey base first which can also serve as baseline estimates to 
track changes in predator populations due to removal of disturbances and 
improvement of management strategies over a period of time. Gir WLS is a one of the 
best studied protected area in southern Asia as far as prey biomass estimation is 
concerned. The history of prey biomass estimation as well as large predator ecology 
using scientific methodology dates back to 1070's in Gir WLS where studies 
conducted by Berwick and Joslin provided an excellent baseline data on key 
ecological parameters. Subsequent studies have strengthened that data base. This 
chapter summarizes the results of prey biomass estimation done from 2009 to 2012. 
4.2 Methodology 
4.2.1 Data collection 
The study was conducted to estimate prey abundance and biomass to determine prey 
availability for leopards and lions of Gir WLS within ISA. For prey estimation, a 
number of methods have been used in tropical and temperate forest comprising of 
both direct and indirect methods (Hirst 1969, Khan et at 2008, 1996, Karanth & 
Sunquist 1992, Fattorini et at. 2004, Jathanna et at 2003, Tosh et at 2004, 
Seidensticker 1976b). The distance theory was developed with the combination of 
TRANSECT program for fitting Fourier series and other models to line transect 
distance data (Burnham et al. 1980) and algorithm for maximum likelihood fitting of 
models to line or point transect distance data, based on a parametric key function 
multiplied by series adjustments (Buckland 1993). Standardized direct DISTANCE 
sampling methods assume that not all individuals within the surveyed area are 
recorded where assumptions occur (Burnham et al. 1980). This method is very robust 
with extension of recording perpendicular distances to the sightings (Buckland ei al. 
1993) assuming that study species arc spaced randomly with respect to mad transects 
and detection probability at distance 0 is 100%. Vehicle counts on roads have been 
used in Gir WLS in past and the method has been found to provide robust estimates of 
ungulate density (Khan 1996 & Edgaonkar 2008) and therefore same method was 
used under present investigation to maintain consistency in methods and estimates. 
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4.2.1.1 Field survey 
During present study, road vehicle count method was used to estimate large 
mammalian prey densities considering open habitat condition and availability of 
movable roads inside the ISA. Total count method has also been used to estimate 
langur population in Gir (Kumar et a). 2008). 
4.2.1.2 Description of transects 
Selection and placement of transect is f indamentat assignment in respect to objects 
to be counted (Buckland er al. 1993). A network of 7 road transects was placed 
which intersected rivers, dam, causeways, hills and all kinds of habitats (Table 4.1). 
Each transect was monitored during summer and winter seasons. The transect length 
ranged from 13 to 22 km. All selected road transects were monitored systematically 
to cover and scan most of the area from the vehicle within the study area. Transects 
used for counting prey population portrayed three different kind of topographic 
regimes, the plain, dissected and hilly terrain. Three transects T2, T4 and T5 were on 
the fringe of the western most part of the sanctuary of the park and ran across the 
border of Balchel Village, Dedakdi and Kansia area. Transects Tl, T2, T3, T4 and 
T5 passed through four maldhari settlements called "Ness", Khada Ness, Dudhala 
Ness, Kadeli Ness and Jambulhala Ness during surveys. The forest compartments 
along these transects were open to access by Maldharis except one 17 which was 
touching the boundary of the National Park. Like many other areas along the hills 
these transects were containing numerous perennial springs dotting the area. These 
were watering points for the large number of ungulates as well as other available 
prey species of the park along with ten other artificial watering points (i.e. Khutni, 
Parevia, Panchali, Dedakadi, Kairamba, Pania, Khada, Bhima ki Kutia etc.). 
Transects T6 and 7 passed near Kamleshwar Dam while T3 and and 5 passed 
through the Hiran river and crossed railway track which is functional. The transacts 
passed through habitats such as leak Dominated Mixed Forest, Teak-Acacia-
Ziryphus, Thorn Woodland or scrub and Riverine Belt. At some places degraded 
forest was also recorded around Maldhari nesses and railway tracks. The top crown 
of the vegetation was largely dominated by Teak (Tectona grondis), Timru 
(Diospyros melanoxylon), Dudhlo (Wrightia tinctoria), Baniyan (Ficus 
benghalensis), Karanj (Pongamia pinnata), Amli (Tamarindrrs indica), Sajad 
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(Terminalia crenulata), Jamboo (Syryguirn rubicundum), Kalam (Mitragna 
parvifolia), Acacia and Zizyphus spp. Grass cover was sparse or absent along these 
transects. Signs of leopard and lion pug marks, scraps, scratches, bed sites and scats) 
were found in plenty. 
4.2.1.3 Protocols of transects 
Although, all Toad transects selected to cover and scan entire study area and to 
represent various habitat types. Approximately 70% of the study area was observable 
from the vehicle while driving the transect routes. Topography and disturbances were 
also considered as essential factors along with habitat. An extensive road network 
provided vehicle access to all transacts in the study site traversed with team of trained 
observers in open four wheel drive vehicle on seasonal basis from 2009-2012 
regularly. 
To minimize any bias arising from variation in animal activity with time all road 
transects were also covered from opposite ends (Khan 1997, Karanth & Sunquist 
1992). Each observer counted focused species of prey in a field of vision specific to 
his assigned region to eliminate the possibility of observers double counting of prey 
species. Data were recorded into suitable intervals and at least 5 intervals were used 
so as not to affect the power of the test to greatly (Buckland er al. 2001). Sightings 
were recorded by cluster and number of animals, since individuals were not 
independently distributed. Clusters were counted independently with distance at least 
50-60 meters from its nearest neighbor (Karanth & Sunquist 1992, Focardi 2002, 
Khan 1996 & 1997). Distance measurements were made to the perceived geometric 
cluster centre and for almost all cases; the estimates were delayed until the object was 
perpendicular to the vehicle. In cases, where the prey species ran away from the first 
point, the vehicle was leveled to the point at which they were first observed and again 
the perpendicular distance was estimated visually subjectively (Khan 1997, Buckland 
et al. 1993). Such flushing occurred surprisingly rarely and when it happened, animals 
were usually very close to the road allowing for fairly confident distance 
measurements as precise distance estimates were essential for analysis. A Bushnell 
laser range finder was used for sightings detected at greater distance which was 
effective for up to 200 m. Occasionally, distances from vehicle to object were cross-
checked by rope and footpace regularly for accuracy. Distances were recorded in the 
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meter and attempts were made to collect data as precisely as possible in the field and 
to assemble into appropriate intervals at the analysis stage (Buckland et al. 1993, 
Khan 1997) 
In addition to distance, species, sex, age, cluster size and various habitat parameters 
were also recorded for each sighting (Table 4.3)- Ideally, the numbers of individuals 
in the cluster were recorded equally accurately for all distances (Khan et al. 1995). 
Hence, binoculars were used to confirm cluster sizes at larger distances. 
4.2.1.4 Census timing 
The entire study area was covered under census seasonally i.e. summer, monsoon, and 
winter during 2009. The census periods were March 15u' to June 15th 2009 and 
January 10 a` to March 10`" 2009-10 throughout the study period with occasional 
monitoring in monsoon season whenever it possible. Altogether six data sets of 
census surveys were collected during study period and same transact routes were 
repeated up to end of the field work. Road transact start and end points were recorded 
to the nearest ten meters using global positioning system (UPS) (Buckland et al. 
1993). The network of permanent road transacts (ranging from 13-22 km) was opted 
in a stratified random manner totaling 122 km. Each transact was traversed using a 
vehicle at a near-constant speed of 15-20 km-br on regular basis. The counts were 
conducted from 06:00 to 05:00 hrs and 017:00 to I9:00 hrs in the summer months, 
and from 08:00 to 10:30 hrs and 15: to 17:00 hrs in the cooler, drier fall and winter 
months while in monsoon opportunistic hours were opted for census attempt. 
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Table 4.1 Locations of transects monitored in the intensive study area (ISA) during 
census survey (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Transect 	Total 
No. 	Length 	Name of the Road Transects 
TI 16 Bambha Pod to Parevia turn off via Dudhala and 
Dedakdi. 
T2 17 Khada turn off to Panchali via Parevia and Kairamba. 
T3 16 Sasan.Naka.to Pilipat via KadelL and Raidy. 
T4 22 Bambha trod to Dudhala via Jambuthala and Dedakdi. 
T5 21 Sasan Naka to Dudhala via Kansia and Jambuthala. 
T6 13 Sasan Naka to Bawalwala Chock via Valadra and 
Kamleshwar Dam. 
T7 17 Sasan Naka to Bawalwala Chock via Valadra and 
Piplawali Aati. 
Total 122 
Transect length in km 
Table 4.2 Summary of the survey efforts for all monitored transects during study 
period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Year Season 	No. of transect 	Efforts 
No. of transect 	7 
2009-10 Summer 	Sum of monitoring 	35 
Winter Sum of monitoring 	35 
20010-11 No. oftransect 	7 
Summer 	Sum of monitoring 	35 
Winter Sum of monitoring 	35 
2011-L2 No. oftransect 	7 
Summer 	Sum of monitoring 	35 
Monsoon Sum of monitoring 	14 
Winter 	- 	 - 
2009-2012 Total monitoring—l89 
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Table 4.3 Data recorded for each prey species sighting during census survey (2009-
2012) in western Gir Lion Sanctuary, Gujarat. 
S.No Factor Notes 
1.  Study area Western Sanctuary /Gir National, Park / Gujarat 
2.  Transect no. Unique code for each transect was used 
3.  Kilometer segment Transects length was measured and recorded as well 
as with each sighting for habitat factor. 
4.  Perpendicular distance Further all distance measurements were cross-checked. 
By rope and foot-pacing to minimize biases. 
5.  Cluster centre Cluster centers were estimated by eye or sometime 
using binocular. 
6.  Cluster size On cluster sighting overall cluster size, composition of 
age & sex was recorded. Animals were deemed to be 
within the cluster if they were within the 30 m of one 
another. (Karanth & Sanquest 1992, Khan 1997). 
7.  Species All ungulate species, (augur, hare and peafowl were 
recorded. 
8.  Time Morning & evening, times set according to weather. 
9.  Habitat type Recorded at every sighting. 
10.  Topographical features Recorded at every sighting as dissected, plain or hilly. 
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Plate 4.1 Availability of pre} species in western Gir Lion Sanctuary, Gujarat. 
a & h) Key prey species chital (Axis uri.$) c) Sambar ((•ervus unicolor) (d) Nilgai 
(Bo.selaphus iragoeamelu.si. e) Four-horned antelope (7ceu•ucerou.t quarc/icorrti.ti•/, I) 
Chinkara (Ga:ellu gazelle). g) Pea fc)wl /Pavo cri.cicr/us/, I,angur (Pros/, iis en/el/us). 
(Left to right) 
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Plate 4.2 Snap shot of habitat changes during different seasons in western Gir Lion 
Sanctuary, Gujarat. a & b) A view of lush green Gir during monsoon. c) A view of 
logy Gir during winter. d) A view of dry Gir during summer. e) A view of the flame 
of Gir forest (Burea munospernw. f) A soft view of sun set in (;ir, g) A cattle herd of 
maldhari is grazing in (iir Sanctuary. h) Post census break b} observer's team. (Left 
to right). 
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4.2.2 Data analysis 
To calculate density and biomass, a series of censuses were pooled together 
conducted from 2009-2012. At first data were treated species wise, to represent 
statistics of available prey population through single sample for overall status in the 
study area. Later, all census data were treated separately to represent annual and 
seasonal population statistics of each prey species and their availability. Survey data 
were analyzed using DISTANCE theory (Buckland et. al. 1993) and computer 
program (Ver. 5.0) (Laake et al. 1998). DISTANCE analysis requires fairly large 
sample size of data to obtain accurate prey detection functions (PDF) and average 
cluster size estimations, with >50 sightings have been recommended as minimum 
(Burnham et at 1980, Buckland et. al. 1993). For most species data were sufficient, 
whilst the rarest species could not be analyzed using distance. Data were analyzed 
using clusters (herds) as observations rather than animals, since animals were not 
spaced randomly of one another because detection functions can vary significantly 
between species. Separate detection functions were fitted to each species with 
sufficient sightings. 
Histograms of sightings were plotted against distances used to initially examine the 
data for evidence of heaping (a human error resulting from a tendency to allocate 
distances to common intervals such as 5-10 m opposed to 4-9 m) and to check for any 
evasive movement away from the road which would both affect density estimate. 
Data were then fixed at 100 m to ensure a reasonable fit to the shape criterion 
specified by a distance (Buckland et. al. 1993). Models were built manually from all 
combinations of three key functions offered by DISTANCE (Uniform, Half Normal, 
and Hazard Rate) and three series expansion function (Cosine, Simple Polynomial, 
Hermite Polynomial). Each of these fits the desired robustness, shape criterion and 
estimator efficiency required for models fitting distance data, with a uniform, the half 
normal, and the hazard rate functions (Burnham et al. 1980, Buckland el. I. 1993). 
Data were constrained on fitting function and automatic selection of distance intervals 
and tests were activated. Expansion terms could then be used to adjust the models by 
adding one or two parameters to improve the fit. Akaike's Information Criterion 
(NC) was used to select the most appropriate key function whilst sequential 
adjustment terms were added to the best chosen using a likelihood ratio test. 
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The AIC is computed as: AIC= -2 Loge(1) + 
Where loge (£) is the log likelihood function evaluated at the maximum likelihood 
estimates of the model parameters and q is the number of parameters in the model. 
AIC hence chooses the model of the best fit with the least terms (i.e. the most 
parsimonious model). The method of the best model to the data was accessed using a 
Chi-Squared Goodness of Fit Test (GOF) using P < 0.15 as a cutoff point (Buckland 
et. al. 1993). To calculate densities of individuals average cluster size was required. 
However, taking a simple mean often overestimates cluster size. Due to the higher 
likelihood of detecting larger clusters with increasing distance, therefore long cluster 
size was first regressed against log detection probability. If the regression was 
significant at the P=0.15 level as recommended by Buckland el al. (1993), the 
predicted cluster size estimate adjusted for distance for the regression was.used, and if 
the regression was not significant or insufficient data available for a regression, the 
mean of the cluster size was used. Biomass densities (kg/km2) of the different prey 
species were computed by multiplying the estimated mean numerical densities (D) by 
the published average weights of the respective species ((han 1996, Prater 1993). 
Computer program SPSS (Ver.] 1) was used for further analysis. A Spearman's Rank 
Order correlation was run to determine the relationship between cluster densities of 
identified prey species and their encounter rates. Wilcoxon Signed-Rank Test was 
used to detect differences between density scores of two seasons `summer vs. winter'. 
The t-test was used to compare mean density estimates of all abundant prey species 
(i.e. chiral, sambar, nilgai, wild boar, langur, and peafowl) during all census surveys 
viz. overall, 2009, 2010, 2011, summer and winter simultaneously. 
43 Results 
4.3.1 Wild prey densities and biomass 
in present study the pooling of whole data has been treated as a single sample either 
for overall or seasonal purpose. In context of data pooling the sample of seven 
transects was monitored about 189 times from 2009-2012. Hence, there were 5 
seasonal replicates, and 35 special (overall) replicates of each road transect (Table 
4.2). 
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A total 2998 km of monitoring was completed during study period. Chital was most 
abundant prey species recorded with 6845 clusters and 24099 individuals, followed by 
somber (383 clusters and 715 individuals), and nilgai (178 clusters and 370 
individuals) and wild boar (96 packs and 340 individuals). In other prey species, 
peafowl was most abundant with 4069 clusters and 8416 individuals, followed by 
common langur (506 troops and 5914 individuals),. Chinkara (6 clusters with 7 
individuals) and four horned antelope (4 clusters with 9 individuals) were sighted very 
rarely. Detailed summary of annual and seasonal records is presented in Table 4.6 a & 
b. 
Monitoring of 1264 km during summer season and 1425 km during winter season 
showed that maximum clusters were recorded during winter seasons for chital (2973 
clusters with 10045 individuals), sambar (230 clusters with 459 individuals), nilgai 
(104 clusters with 264 individuals), wild boar (59 clusters with 220 individuals), 
peafowl (2391 clusters with 5130 individuals) and langur (300 clusters with 3924 
individuals) respectively. The other prey species were recorded in low numbers 
(Table 4.6 b).  
Maximum numbers of detections of ungulate clusters were recorded on road side at a 
distance of approximately from 5 to 45m excluding wild boar packs which were 
detected at 20 m to 55 m. Peafowl were also detected mostly on road sides. Their 
detections were recorded from 5 to 35 m, although a large number of sightings 
detected on 0 distances too. Langer troops were detected mostly on river banks at 
distance of approximately 5 to 30 m including some troops on roads at 0 distances 
occasionally (Fig 4.2 to 4.4). 
The results of the prey population estimation are presented in Table 4.7, 4.8 & 4.9, 
showing the estimated densities of individuals and clusters, (no. of animals or 
clusters/km2), estimated encounter rates and biomass in kg 1kra . The cut points were 
chosen by DISTANCE program itself to calculate chi square (X2) Goodness of fit test. 
The expected cluster size and mean cluster size were estimated with no size bias in 
detection rates. The encounter rates of clusters were estimated on behalf of mean 
density of clusters, percent coefficient of variation and the 95% confidence interval 
about the mean. Al] combinations of key functions and available expansions were 
tried for each species and model with the best fit was chosen to estimate density. For 
r 
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overall prey population estimates, based on the criterion of lowest AIC, the hazard 
rate key function along with hermite polynomial expansion fitted the chital and 
sambar, langur and wild boar data whilst, peafowl was best described by the uniform 
along with cosine expansion function. For seasonal population estimates, the hazard 
rate key function along with hermite polynomial expansion best fitted the all prey 
species density estimation excluding langur population which was depicted with best 
fit half normal along with simple polynomial due to summer season whilst few prey 
species such as chiral, sambar and wild boar were best fitted with hazard rate along 
with hermite polynomial expansion and in rest langur was best fitted with uniform 
along with cosine and wild boar with hermite along with hermite polynomial 
expansion function (Table 4.10 & 4.11). Expected cluster size was estimated as an 
average of cluster size measurement. 
To standardize across species, their densities were then transformed into biomass 
(kg/km2) according to published unit values. The results of biomass were obtained for 
each species for overall prey density estimation and in same way treated to predict 
annual pattern. Finally, biomass results were repeated for seasonal (summer and 
winter) fluctuations (Table 4.7 & 4.9). The results for monsoon season were not 
estimated due to insufficient data records which were not satisfactory for accurate 
density estimates but summary of cluster and individual counts has been provided in 
Table 4.6 b. 
4.3.1.1 Results summary by species 
I. Chital (Axis axis) 
Chital was the most common and conspicuous mammalian key prey species of the 
ISA. The maximum clusters were recorded in mixed party and ranged from 1-79. 
Single individuals were detected higher (19.35%), followed by two individuals 
(16.94%), three individuals (13.83), four individuals (10.59%), clusters containing 5-
14 individuals (33.29%) whereas large clusters containing individuals from 15 to 79 
were recorded fewer occasionally (4.94%). During 2009 to 2012, the overall chital 
density was estimated as 60.25+9.35 km-2 (Table 4.7 a & b). The annual estimates of 
chital densities were 58.58+7.89 krn"z in 2009-10, 64.1116.6 km'= in 2010-11 and 
reached to 6523±5.37 km-2 in 2011-12 (Table 4.8). 
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On seasonal basis, chital density was estimated 56.19+7.71 kin-2 during summer 
season while 57.09±5.59 km-2 during winter season (Table 4.9 a & h). Across, the 
overall census survey, the selected model fit was statistically significant for data 
distribution of chiral (X227 = 3873.63, p < d level*) (Table 4.10). It was checked for 
seasonal impression and found again statistically significant for each season like 
summer(X 222 = 1162.20, p < ri level*) and winter (X227= 1737.53, p < & level*) with 
residuals (Table 4.11). 
The biomass of chital was calculated as 2711.25 kglkm2 for overall monitoring while 
annually, it was calculated as 2636.1 kg/km2 (2009-10), 2884.95 kg/km2 (2010-11) 
and 2935.35 kg/km2 (2011-12). Summer season constituted the total biomass of chital 
2528.55 kg/km2, while it increased in winter season to 2569.05 kg/km2 (Cable 4.7a&b 
4.8 a & b,4.9 & 4.10 a & b). 
ii. Sambar (Cervus unicalor) 
Sambar was the second numerous large mammalian prey species of the ISA. Their 
distribution and density appeared to be influenced by open habitat, water availability, 
and ability to subsist on wider variety of plants. Sambar formed large herds containing 
1-7 animals only around water point and feeding sites with (24%) otherwise single 
animal with 47% or two animals with 29% were recorded respectively. The overall 
density of sambar was estimated as 2.48±0.33 km-2 (Table 4.7 a & b). The annual 
estimates were 1.28±0.09 km 2, 1.4±0.09 km', 2.23±0.98 km-2 during 2009-10, 2010-
11, & 2011-12 (Table 4.8 a & b). 
Sambar density was estimated as 2.34+0.28 km"z during summer season and 
2.39±021 km2 during winter season (Table 4.9 a & b). The selected model fitted 
significantly for sambar data distribution (X214= 61.89, PC  a  level*) (Table 4.10). It 
was checked for seasonal impression and found statistically significant for both 
seasons: summer and winter (X27 — 15.71, p < d level*) and (X212 = 59.65, p < d 
level*) with residuals (Table 4.11). 
The biomass of sambar was calculated as 411.68 kg/km2 for overall monitoring while 
annually, it was calculated as 212.48 kg/km2 (2009-10), 232.4 kg/km2 (2010-11), 
370.18 kg/km2 (2011-12). Summer season total biomass of sambar was ca.388.44 
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kg/km2, while it increased in winter season to ca. 396.74 kg/km2 respectively (Table 
4.7 a & b, 4.8 a & b, 4.9 a & b). 
iii. Nilgai (Boselaplius tragocamelres) 
Nilgai was the biggest mammalian prey species of the ISA and mostly distributed in 
plane areas. Nilgai was found mostly as single or two animals (53% and 20%), or 
three animals when accompanied by yearling or fawn (16%). Few herds were 
observed with 4 (4%), 5(2%) and 6 animals (2%). Only 1"/ herds were detected in 
large numbers for each 7 and 15. The overall density of nilgai was estimated as 
2.78t0.42 km 2 (Table 4.7 a & b). The annual estimates were I.16t0.16 km 2, 
2.39f0.3 km-2, I.99f0.52 km 2 during 2009-10, 2010-11, 2011-12 respectively (Table 
4.8 a & b). 
On seasonal basis, nilgai density was estimated as 1.35t0.2 animals km-2 and 
0.75±0.08 herds km-2 during summer season while low 1.4210.15 animals km2 and 
0.69±0.04 herds km2 during winter season (Table 4.10 a & b). The selected model 
fitted significantly for data distribution of nilgai (X212= 39.08, p < a level*) (Table 
4.11). On seasonal accounts, both seasons (summer and winter) demonstrated 
statistical significance: summer (X23 = 2.74, p < a level*) and winter (X24 = 15.21, p 
<a level*) with residuals (Table 4.12). 
The biomass of nilgai was calculated as 511.52 kg/km2 for overall monitoring while 
annually, it was calculated as 213.44 kg/km2 (2009-10), 439.76 kg/km2 (2010-11), 
366.16 kg/km2 (2011-12). Summer season biomass of nilgai was 248.4kg/km2, while 
it in winter season to 261.28kg/km2 respectively (Table 4.7 a & b, 4.8 a & b, 4.9 a & 
b). 
iv. Wildboar (Sus scroja) 
Wild boar pack varied in size from I to 15 animalstpack. 33% packs were of I 
followed by 18% of 2 animals, 12% of 3 animals, 9% of 4 animals and 7% of 5 
animals respectively. The overall density of wild boar was estimated as 3.05±0.14 
animal )Cm 2 (Table 4.7 a & b). The annual estimates were 2.98±0.44 km-2 in 2009-10, 
3.68+0.66 km 2 in 2010-11, and 3.23±2.33 km-2 for 2011-12 respectively (Table 4.8 a 
& b). 
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On seasonal basis, wild boar density was estimated as 2.1210.61 animals km' in 
summer season and 2.31±0.4 animals km-2 in winter season (Table 4.9 a & b). The 
model was significantly fitted to data set of wild boar (X227=  4828.11, p < d level*) 
(Table 4.10). It was found statistically significant for both seasons: summer (X22 = 
2.14, p < & level*) and winter (X26= 10.09, p <a level*) with residuals (Table 4.I1) 
The biomass of wild boar was calculated as 97.6 kglkm2 for overall monitoring and 
annually, it was calculated as 95.36 kg/km2 (2009-10), 117.76 kg/km2 (2010-11), 
103.36 kg/km2 (2011-12). Summer season biomass of wild boar was 67.84 kglkm2, 
while it increased in winter season to 73.92 kg/km2 (Table 4.7 a & b , 4.8 a & b, 4.10 
a & b). 
v. Common langur (Presbytis entellus) 
Common langur was widely distributed prey species of the ISA. They inhabited 
riverine belts and in proximity to human habitation (Ness). Common langur troops 
ranged from 5 to 60 individuals/troop as per total count census records. In total 8% 
troops were detected containing less than 10 individuals while 90% troops detected 
containing more than 10 individuals during study period. The overall density of C. 
langur was estimated as 19.84±2.29 individuals/ km-2 (Table 4.7 a & b). The annual 
estimates were 12.59±1.02 individuals/ km'2 in 2009-10, 18.09±1.51 individuals/ ken' 
in 2010-11, and 29.29±6.67 individuals/ km 2 for 2011-12(Tablc 4.8 a & b). 
On seasonal basis, common langur densities were estimated as 14.39+1.68 
individualsfkm-r during summer season and 15.88±1.17 individuals/km4 during 
winter season (Table 4.9 a & b). The data fitted to model significantly (r141 27.41, 
p<a level**) (fable 4.10). For seasonal accounts, it was round statistically significant 
for both seasons: summer and winter (X25=10.72, p<a level*) and (X2 10=41.61, p<a 
level*) with residuals (Table 4.11). 
The biomass of common langur was calculated as 158.72 kg/km2 for overall 
monitoring while annually, it was calculated as 100.72/km2 (2009-10), 144.72 kg/km2  
(2010-I 1), and 234.32kg/km2 (2011-12). Summer season biomass of common langur 
was 115.12 kg/km2, while it increased in winter season 127.04 kg/km2 (Table 4.7 a & 
b, 4.8 a & b, 4.9 a & b). 
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vi. Peafowl (Pave crisrains) 
Peafowl was abundantly distributed in the ISA. Maximum counts were made for 
single large terrestrial bird on road side or in groups around nesses. The group size 
ranged between l to 15 birds in aggregation and one group had largest with 28 birds. 
In total, ca. 55% sightings were recorded for single bird, 20% for two birds, and 
10% for three birds. Whilst, 14% sightings were recorded for groups containing > 4 
birds. The density was estimated as 18.94±2.81 individuals/ km-' (4.7 a & b). The 
annual estimates were 18.62±2.72 individuals/ km2, 18.1±2.89 individuals/ km 2, 
14.88±2.23 individuals/km 2 during 2009-10, 2010-11, and 2011-12 respectively 
(Table 4.8 a & b). 
On seasonal basis, peafowl densities were estimated as 21.0812.85 individuals/km-2 
during summer season and 14.88±1.08 individuals/km-2 during winter season (Table 
4.9 a & b). The model fitted to data significantly (X219= 2459.63, p < a level*) (Table 
4.10). Peafowl distribution was also checked for seasonal impact and found 
statistically significant for both seasons: summer (X22L=  1011.34, p <a level*) and 
winter (X 16 ' 21 19S1, p <6 level*) with their densities (Table 4.11). 
The biomass of peafowl was calculated as 75.76 kg/km2 for overall monitoring while 
annually, it was calculated as 74.48 kg/km2  (2009-10), 72.4 kgfkm2(2010-11), 59.52 
kg/km2 (2011-12). Summer season biomass of peafowl was 84.32 kg/km2. and it 
declined in winter season to 59.52 kg/km2 (Table 4.7 a & b, 4.8 a & b, 4.9 a & b). 
vii. Tour horned antelope (Tetracerous quardicornis) 
Four homed antelope was found in small and isolated population in the ISA and 
preferred very hilly topography. They were observed to remain in areas with 
significant vegetation cover from grass or heavy undergrowth, and close to water 
points which made their sightings rare. Their herd size varied from I to 4 individuals. 
In total about 50% sightings were recorded with two individuals while 25% for each 
single individuals and 4 individuals. The overall density of four homed antelope was 
estimated as 0.66±0.2 individuals/ km-2 (Table 4.7 a & b). 
The annual estimates could not been calculated due to lack of sufficient records. The 
winter season density was found to be 0.61:0.01 individuals/ km-2 (Table 4.9 a & b). 
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The biomass of four homed antelope was calculated as 13.86kg/km2 for overall 
monitoring. The winter season biomass was 12.6 kg/km2 (Table 4.7 a & b, 4.8 a & b, 
4.9 a & b). 
viii. Chinkara (Gazella gazelle) 
Chinkara was distributed in fragmented population in the ISA. It was counted very 
rarely during census survey in scrub land (kansia side). Most of the counts were 
recorded for single individuals (S0%) while for two individuals (20%) respectively. 
The overall density of chinkara was estimated as 0.86±0.57 individuals/ km 2 (Table 
4.7 a & b). The annual estimates were not calculated due to lack of sufficient records. 
The winter season density was calculated as 0.9511.15 individuals/ km' (Table4.9 a 
& b). The biomass of chinkara was calculated as 13.32 kg/km2 for overall monitoring. 
The winter season biomass was 11.4 kg/km2 (Table 4.7 a & b, 4, 8 a & b, 4.9 a & b). 
ix. Black naped hare (Lepus nigricollis) 
Black napped hare was a common small prey species of the ISA. They were counted 
occasionally due to their fast speed and zigzag movements. The overall density of 
black naped ham was estimated as 2.31±1.08 individuals/Km-2. Its biomass was 6.93 
kg /km-' during the study period (Table 4.7 a & b). 
The correlation between cluster densities and their encounter rates (it is number of 
clusters observed per kilometer of transect) was positive for all in case of overall and 
annual study periods (2009-2012) but lacked significance (r,ly1= 0.653, F> a*, 2- iI d) 
for overall study period, (r, (6) = 0.551, P > a*z-I°;im) for 2009-2010, (r, (6) = 
0.736, P > d*2-mji°n) for 2010-2011, and (r, (6) = 0.754, P > 4*2_,,;i°d) for 2011-2012 
respectively. 
On seasonal basis winter lacked significance (r, (s) = 0.639,P> a*z-ranm)  while 
summer season showed significant relationship between density estimates and their 
encounter rates (r, (6) = 0.812, P < 6.*2-,,ilea). Wilcoxon Signed-Rank Test showed 
significant difference between density scores of two seasons (summer and winter) (z 
-0.943, P = 0.345 <a•) respectively. 
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4.3.2 Habitat use by key prey species 
Habitat use of available prey species was estimated in proportions where, it was 
determined that TMF was highly used by chital, common Iangur, and wild boar (54% 
for each one) followed by sambar, (51'/°) peafowl (46%), and nilgai (31%) 
simultaneously. The Thorn Woodland habitat was used by chinkara (44%) followed 
by black naped hare (33%), nilgai (10%), peafowl and wild boar (8%) chital (7%), 
and sambar (7%). The habitat TAZ was highly used by black naped hare, four homed 
antelope (67% for each one), followed by sambar (30%), peafowl (28%), wild boar 
(27%), chital (24%), langur and nilgai (22% for each one) simultaneously. Riverine 
belt was used mostly by four homed antelope (33%), langur (20%0), followed by 
peafowl (17%), chital (15%), sambar (13%), wild boar (11%) and nilgai (3°/v) only 
(Fig 4.1). 
One-way ANOVA•test showed significant difference between mean habitat use of 
five habitat types by nine prey species (chital, sambar, nilgai, wild boar, peafowl, 
langur, chinkara, four homed antelope and black naped hare) in each case (Fa, o = 
5.452, P < a•). According to sample matrix of bonferroni calculations, first sample 
exhibited that there was significant difference between habitats use of: TMF and TW 
(t = 26.333, p = 0.023) and TMF and AGRO-F (t = 27.333, p = 0.016). The second 
sample showed the statistically significant difference between habitat use of IAZ and 
AGRO-F (t = 24.111, p = 0.049). The third sample showed absence of any 
significance while forth sample showed with statistical difference between AGRO-F 
and TMF (t = -27.330,p = 0.016) and AGRO-F and TAZ (t = -24.110, p = 0.049). The 
comparisons were done in the form of 95% confidence intervals rather than 
hypothesis testing (Table 4.5). 
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Figure 4.1 Habitat use by prey species during study period (2009-2012) in western Gir 
Lion Sanctuary. Habitat co-ordinates were recorded during census survey along with 
direct sighting oreach species. 
Table 4.4 Descriptive statistics of seasonal estimates (summer and winter) in the 
analysis. Percentile values are representing numerical representation of the shape of 
the distribution. 
Duration Summer Winter 
N 6.00 6.00 
Mean 16.24 15.66 
Std. Deviation 21.15 21.33 
Min. 135 1.42 
Max. 56.19 57.09 
Percentiles 
25th 1.93 6.55 
Absolute 
differences 
25u'-50th 
6.93 6.95 
50th (Median) 8.37 8.64 
Absolute 
differences 
75'-50'") 
21.49 17.94 
75th 29.86 26.18 
-943 0.345 
sig. 
Note: Negatively skewed distribution. 
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Table 4.5 Details of mean differences of habitat use by different wild prey species 
available in the ISA in western Gir Lion Sanctuary, Gujarat. Comparisons were made 
between different habitat use test significance. 
Bonferroni matrix. 
Mean 
Habitat type habitat type Difference Std. 95%Ct 
(I) (J) (1-2) Error sig. LB UB 
TMF TAZ 3.222 8.087 1.000 -20.807 27.251 
R 23.667 8.087 0.056 -0362 47.696 
TW 26.333* 8.087 0.023 2.304 50.362 
AGRO-F 27.333* 8.087 0.016 3.304 51.362 
TAZ TMF -3.222 8.087 1.000 -27.251 20.807 
R 20.444 8.087 0.155 -3.585 44.474 
TW 23.111 8.087 0.067 -0.918 47.140 
AGRO-F 24.1U* 8.087 0.049 0.082 46.140 
R TMF -23.667 8.087 0.056 -47.696 0.362 
TAZ -20.444 8.087 0.155 4.474 3.585 
TW 2.667 8.087 1.000 -21.362 26.696 
AGRO-F 3.667 8.087 1.000 -20.362 27.696 
T'W TMF -26.333* 8.087 0.023 -50.362 -2.304 
TAZ -23.111 8.087 0.067 -47.140 0.918 
R -2.667 8.087 1.000 -26.696 21.362 
AGRO-F 1.000 8.087 1.000 -23.029 25.029 
AGRO-F TMF -27.330• 8.087 0.016 -51.362 -3.304 
TAZ -24.110* 8.087 0.049 -48.140 -0.082 
R -3.670 8.087 1.000 -27.696 20.362 
TW -1.000 8.087 1.000 -25.029 23.029 
(Note: 'The mean differenvc is significant at the .05 Ievel. The overall stmdard error rate has been wnirol led by 
satiwsre pmgmn SPSS itself.) 
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Figure 4.2 a Chital and Sambar: Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 m class intervals with fixed width (100m) 
distance data for overall census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
I...0 .111.f. In melvi 
F r r,dI.mrein..oa '. m.:=rs 
Prey Biomass Availabiluy 
Figure 4.2 b Nilgai and Wildboar: Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 m class intervals with fixed width (100m) 
distance data for overall census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
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Figure 4.2c Peafowl and Langur: Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 m class intervals with fixed width (100m) 
distance data for overall census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
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Figure 43a Chital and Sambar: Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 m class intervals with fixed width (100 m) 
distance data for summer census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
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Figure 4.3 b Nilgai and Wildboar: Detection probability (continuous line) plots, 
histograms of perpendicular distances at 5 m class intervals with fixed width (100m) 
distance data for summer census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
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Figure 4.3 c Peafowl and Langur; Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 in class intervals with fixed width (100m) 
distance data for summer census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
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Figure 4.4 a Chital and Sanbar: Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 m class intervals with fixed width (100m) 
distance data for winter census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
nx 
00 
Niigai 
(Boaelphvs 
tragocanduU 
ESW53.79 
o 	In 	x 	
fic
m 	 m 	, 
PeryeON[ W thSIanueIn male  
Wild Boar 
(.Sur.¢ f) 
ESW-0821 
N.  
0 	10 	A 	0) 	GO 	m 	so 	73 	83 	00 	Im 
Perpendicular d!stance In meters 
Figure 4.4 b Nilgai and Wildboar: Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 m class intervals with fixed width (100m) 
distance data for winter census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
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Figure 4.4 c Peafowl and Langur: Detection probability (continuous line) plots, 
histograms of perpendicular distances in 5 m class intervals with fixed width (100m) 
distance data for winter census survey during study period (2009-2012) in western 
Gir Lion Sanctuary, Gujarat. 
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'fable 4,6 (a&b) Distribution summaries of individuals and individual clusters on overall, annual and seasonal basis during study period 
(2009.2012) in western Gir Lion Sanctuary, Gujarat, 
Census 	Effort 	
Four- 	 BN 
Ytar N  (kM) 	
Chital 	Sambar Nilgui Horned Chinkara Wildboar Peafowl 	Langor Hnre 
Antelope 
c 	n CU C n c n c a c n c 	a c n c n 
2009 7 1105 2123 9807 182 352 61 108 2 5 5 6 54 233 1800 3976 173 2133 1 
2010 7 1083 3992 10375 146 273 94 220 2 4 1 1 34 83 1609 3000 271 2221 1 1 
2011 7 800 740 3917 55 90 23 42 - - - - 8 24 660 1440 60 360 1 
Total 2i 2998 6845 24099 383 715 178 370 4 9 6 7 96 340 4069 8416 506 5914 3 3 
Census N Effort 	
Chita) 	Sombar Nilgai 	Four-Horned Chinkara Wildboar Peafowl 	Laugir ON 
Year 	flw Antelope 	 Here 
c n en c n c n en en c n e n en 
Summwr 	7 1264 	2973 10045 148 249 69 	105 	2 5 	4 	5 	36 	119 	1522 	3010 194 1913 	2 	2 
Winter 	7 1423 	3792 13288 230 459 104 	264 	2 4 	2 	2 	59 	220 	2391 	5130 300 3924 	• 	- 
Monsoon 	7 299 	80 766 S 7 5 	1 	- • • 	1 	1 	IS6 	276 12 77 	I 
Total 	21 2988 	6845 24099 383 715 178 	370 	4 9 	6 	7 	96 	340 	4069 	8416 506 5914 	3 	3 
Nate: N=number of sample, n= nuirberof ind'nituuls, c no ofciuster, RN Hze=black napped hart, 4AA= for horned antelope 
Face 1119 
Table 4.7 a Overall population estimates of all wild prey species duri g study period (2009.2012) in western Gir Lion Sanctuary, 
Gujarat 
Yrar Density of individuals 	95%CL Density of clusters 95%CL Blomas 
2009-2012 Muni  LB UB Dc4nr LB UB (hi&m1) 
Chital 60.29935 •41,924 78576 11.94±1.85 -8314 15,566 27711,25 
Seminar 2.48=033 -[.8332 3.1268 1.2114.17 •0.9468 1.6132 411.68 
Nilgai 2,78±0.42 -1,9568 3.6032 134±418 -0.9872 1,6928 511.52 
Peafowl 18,94s:2,81 -13.432 24,4476 9.2911.37 •6.6048 11.9752 75.76 
BlaekNappedHare 2.31±1.08 -0,1932 4.4268 2,31±1.08 4.1932 4.4268 6.93 
Four Homed Antelope 0.6610.2 -0.268 1.052 0.2910,03 -0.2312 0.3488 13.86 
Chinkara 0.86±0.57 0,2572 1,9772 0.72±046 0.1816 1,6216 13.32 
Langur 19,84+2.29 •15.352 24.3284 1.6710.18 •1,3172 2.0228 158.12 
Wild Boar 3,05+014 -2.7756 3.3244 0,7410,03 -0.6812 0.7988 97,6 
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Table 4.7 b Overall population estimates of all wild pay species in form of= encounter rate (F R),11mn eluslar4ae(MCS),Degxe of fredom (00 
during study period (2009-2012) in weslem Gir Lion Sanctuary, Gujarat. 
95%a ~9S%CL 
Year 2009-2012 KR 
LOUD 
69CB %CV df 
LB UB 
Chital 1.144,18 4,7872 1.4928 5.0510.06 1.23 6842 -4.9324 5,1616 
Sambar 0,12=1.01 1.8596 2.0996 1,93±0.05 2,89 455 -1.832 2.028 
Nilgai 0.13-0.01 -0.1104 0.1496 2.0840.14 6.89 177 •1.8056 2.3544 
Peafowl 0.62±0.09 •0.4436 0.7964 2,040.02 1,2 4630 •2.0008 2,0792 
Black Napped Hare 0,06e0,001 -0.05804 0.06196 1 0.96 2.96 
F-Homed Antelope 0.06±0.006 •0.04824 0.07176 22510.63 2796 3 -1.0152 3.4848 
Chinkara 0.07}0.007 -0.05628 0.08372 1.2+0.2 16.67 4 -0.808 1592 
Langur 0.1 110.01 -0.0904 0.1296 11,8710.44 3,72 505 -11.0076 12.7324 
Wild Boor 0.0910.004 -0.08216 0.09784 4.1310.08 1,87 3883 3,98 4.28 
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Table 4.8 a Annual population estimates of all wild prey species during study period (2009.2012) in western Gir Lion Sanctuay, Gujarat. 
Year 	Prey Density of individuals 95%CL Density of clusters 95%CL Biomass 
Suedes Di/Km LB 	UB Moot LB 	UB (kg/km) 
Sambor 1.2810.09 -1.1036 1.4564 0.68=0.01 •0.6604 0.6996 212.48 
Nilgai 1.16±0.16 -0.8464 1.4736 0,65±0.06 -0.5324 0.7676 213.44 
Peafowl 18,62±2.72 -13,2888 23,9512 8.96±1.3 •6.432 11528 74.48 
Langur 12.59402 -10.5908 14.5892 1.03}0.06 -0.9124 1.1476 100,72 
Wild Boar 2.98±0.44 -2.1176 3.8424 0.6910.05 -0.592 0.788 95,36 
2010-2011 	Chiral 64.1116.6 -51,174 77,046 11,9511,22 -9,5588 143412 2884.95 
Sambar 1.4±0.09 -1,2236 15764 0.69±0.03 -0,6312 0.7488 232,4 
Nilgai 2.39.10,3 -1.802 2.978 1.02+0.07 -0.8828 1.1572 439.76 
Peafowl 18,1±2.89 -12,4356 23.7644 9,14±1.45 -6.298 11.982 72,4 
Langur 18.09±1,51 •15,1304 21.0496 1.49±009 -1,3136 1.6664 144.72 
Wild Boar 3.680.66 -23864 4.9736 136±0.2 4968 1.752 117.76 
2011.2012 	Chital 65.23±3.37 •54,7048 753552 14.15±1.32 -12,1508 16,1492 2935.35 
Sambar 2.234.98 -0.3092 4.1508 1.14+_0.49 0.1796 2.1004 370.18 
Nilgai 1.99±052 19708 3,0092 0.88421 -0.4684 1,2916 36616 
Peafowl 14.88±2.23 -10.5092 19.2508 6.310.91 -4.5264 8.0936 59.52 
Langur 29.2916.67 •16.2168 423632 2.45±0.39 •1.6856 3.2144 234,32 
Wild Boar 3,23+2.33 1.3368 7.7968 0.88.0.42 -0,0568 1.7032 103.36 
Note:Chlukzre,fbcncciiedmaelopeaMMackuappedharexvreuotesimatrddu¢toIaoko'suficleot a rds, 
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Table 4.8 b Annual population estimates of all wild prey species in form of encounter rate (BR), Mean cluster size O1CS), during study 
period (2009.2012) in western Gir Lion Sanctuary, Gujarat. 
Year 	Prey Species ER 95%CL MCS %C1' df 95 %CL 
LH 	UB LB UB 
2009.2010 	Chital 1.59+021 •1.1784 	2.0016 4,62±4,09 2,16 2122 -4.4436 4,7964 
Sambar 0.05±0.001 .0.04804 	0,051961.87±0.08 4.64 160 -1.7132 2.0268 
Nilgai 0,06}0.002 -0.@5608 	0.06392 178±0,17 9,62 59 •1,468 2,1132 
Peafowl 0.5±0,07 -0.3628 	0.6372 2.07±0,04 2.2 1583 -1.9916 21484 
Langur 0.01±0.001 .300804 	0,01196 12,19±0.66 5.45 174 -10.8964 13,4836 
Wild Boar 0,06±01003 -0.05412 	0106588 4,31±0.53 12,78 33 -3.232 5,388 
2010.2011 	Chital 1,420,12 •1,1848 1,6552 	5,36}0,08 1.61 	3980 •5.2032 	5,6168 
Sambar 0.01±0,002 •0,00608 0.01392 	2+0.08 4.01 	251 -1.8432 	2,1568 
Nilgai 0.12-0.006 -0.10824 0.13176 	2.34±3.24 10.27 	93 -1.8696 	2.8104 
Peafowl 0.1±0.11 -0,4344 0,9156 	1,98±0.03 1.52 	2881 •1.9212 	2@388 
Langur 0,01}0.003 400412 0.01588 	12.11±0.65 539 	270 •10.836 	13.384 
4VildBoar 0.12±0.007 -0.10628 0,13372 	2.7±0.27 10.13 	59 -2.1708 	3.2292 
2011-2012 	Chital 1.1±0.007 4.08628 1.11372 4.7±0.19 3.97 	669 -4.3276 5.0724 
Sambar 0.08±0.009 -0.06236 0.09764 1.950.15 8,5 	42 -1.656 2.244 
Nilgai 0.08±009 0.0964 0.25641.86+0.22 1187 	21 -1.4288 2.2912 
Peafowl 0.32+0.04 .0 2416 0.3984 1.36±0.09 3.9 	365 -2.1836 2.5364 
Langur 0,12 	0.01 •0.1004 0,1396 9.3111,22 13.08 	51 -69188 11.7012 
Wild Boar 0.01±002 0.0292 0.0492 3.28±1.17 35.59 	6 -0.9868 5.5732 
Note: Chiukaia, four homed amelope and black napped hare firers not estinaded this to lack of s dfcimt rceor 
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Table 4.9 a Seasonal density (Summer and Winter) estimates of all prey species during study period (2009-2012) in western of Gir Lion 
Sanctuary, Gujarat. 
Season 	Prey 	Density of individuals 	Density of dusters 	Biomass 
Species 	DiIkmr 	
99%CL 	Dot 	99%CL 	7km) 
LB UB LB UB 
Summer Chita) 56.19±1.71 -41.0784 
Sambar 2.3410,28 11.7912 
Nilgai 1.35±0.2 -0,958 
Peafowl 21,08±2.85 -15-494 
Langur 14.39±1.68 -11.0972 
Wild Boar 2.12±0.61 -0.9244 
F- Horned Antelope° - - 
Chinkam' - 
71.3016 10.95t1.48 -8.0492 13.8508 252855 
2.8888 1.39±0,13 -1.096 1.684 388,44 
1.742 0.75±408 -0,9932 0.9068 248,4 
26.666 	10,6 l .42 -7.8768 13,4432 84.32 
17,6828 129~Q.13 -1.0352 1.5448 115.12 
3.3156 0.64±0.15 •0.346 0,934 67.84 
Winter 	Chital 57.09±5.59 •46.1336 68.0464 11.221].08 -9.1032 133368 2569.05 
Sambar 2.39:-0.21 •19784 2.8016 1,2±0.91 3.5836 2,9836 396.74 
nilgai 1.42±0,15 -1.126 1.714 0.6910,04 -0.6116 0.7684 261,28 
Peafowl 14.88-1.08 -12.7632 16.9968 6.940.49 -5.9796 79004 59.52 
Langur 15.88±1.17 -13.5868 18.1732 1.19±0.06 -1.0724 1,3076 127.04 
Wild Boar 2.310,4 -1.526 3.094 0.62+0,07 -04828 0.7572 .92 
F•HomedAatelope 0.6.0,01 4,5804 0.6196 03 0,01 42804 0,3196 116 
Chinkara 0,95-1.15 1.304 3.204 0,9511.13 1.304 3.204 11.4 
Black napped hare" - - - - - 
are 
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Table 4.9 b Seasonal density (Summer and Winter) estimates of all wild prey species in form of encounter rate (ER), Mean cluster size 
(MCS Expected cluster size (ES) and-Average cluster size (ACS) during study period (2009.2012) in western Gir Lion Sanctuary, 
Gujarati 
Season 	Prey Species E.R 95%CL MCS dl 95% CL 
LB UB LB UB 
Summer 	Chital 0.86±0.11 .0.6444 1.0756 5.13 	0.]2 1959 -4.3948 5,3652 
Sambar 0J1a0,12 0.1252 0,3452 1.68=0.07 147 -15428 1,8172 
Nilgai 0,07 - - 1.79=012 52 -1.4568 2.1232 
Peafowl 0.75±0.1 .0,554 0.946 1,90.04 1521 .1,9016 2.0584 
Langar 0.07 • 11,18±0.62 164 •9.9645 12,3952 
Wild Boar 0,06 • 33±05` 35 •2.222 4.378 
Winter 	Chiral 1.03409 -0.8536 1.2064 5.07±0.01 2690 •5.0504 5,0896 
Somber 0.12+0.007 •0.10628 0.133721.99±0,83 229 •0.3632 3.6168 
Nilgai 0.07 . 2.06+0.18 99 •1.7072 2.4128 
Peafowl 0.3±1114 -0.0256 05744 2,14±0.04 2390 •2,0616 2.2184 
F• Horned Antelope 0.06 - • 2 
Chinkara 0.08 - • I - - 
Longur 0.07 • 13.35±0.69 287 -11.9976 14.7024 
Wild Boar 0.06 - • 3.73±0.46 58 -2.8284 4.616 
Nate: (•) ° data are not calculated 
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Table 4.10 Model definitions, fi estimated strip width and coefficient of variation for each prey species of Gir Lion Sanctuary for overall 
density estimation. Road Iranseet data were analyzed using all distance functions at fixed strip width of 100 in during study period (2009.2012). 
Total Chi-square value is showing Goodness of Fit Testing. 
Chit al Hazard Rate Hermitepolynomial 3873.63 	27 P<ut 47.76 0.82 
Sambar 
Nilgai 
Peafowl Unifonn Cosine 
61.89 	14 
39.08 	12 
2459.63 	19 
P<d* 
NO 
P<u" 
47.78 
54.28 
33.47 
2.67 
4.05 
2.14 
Langur Hazard Rate Hcrmilepolynomial 127,41 	14 P<d' 32.14 3.93 
Wild Boar 4828.11 	27 P<u' 61.50 0.85 
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Table 4,11 Model definitions, fit, estimated strip width and coefficient of variance for all prey species of Gir Lion Sanctuary for seasonal density 
estimation. Road Iransect data were analyzed using all distance functions at fixed strip width of 100 m during study period (2009.2012), Total 
Chi-square value is showing Goodness of Fit Testing. 
Summer 	Modeldefsilion 	 Model fit 	 Strin width 
Chital Hazard Rate Hermitepolynomial 1162.20 22 p<ua 39,25 1.30 
Somber IS.?! 7 p>d 41,52 4.44 
Nilgai 2.74 3 p<a' 47,27 7.55 
Peafowl 1011.34 24 p4? 35,42 1.65 
Langur Half-Normal Simplepolynimial 10.72 51 p<a° 27.48 7.67 
Wild Boar „ 2,14 2 >& 47.84 7.0 
Winter 
Chiral Hazard Rate Hermits polynomial 1737.53 	27 p Cá*  46.11 1.34 
Sambar „ ,; 59.65 	12 p<h" 48.64 3.36 
Nilgai HaIl-Normal Simplepolynimial 1521 	4 p>6 53.79 12.64 
Peafowl „ „ 2119.81 	16 p <hs 21.98 5.48 
Langur Uniform Cosine 41.61 	10 p<? 30.73 4.21 
Wildboar Hazard Rate Hennitepolynomial 10.09 	6 p<6+ 45.21 11.75 
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4.4 Discussion 
Since 1960s, distance sampling has been used widely for abundance estimation of 
mammalian prey (Dasmann & Mossman 1962, Berwick & Joslin 1970, Seidensticker 
1976, Karanth & Sunquist 1992, Varman & Sukumar 1995, Khan ei al 1996. 
Jathanna es at 2003, Fattorini et al. 2004, Bagehi et al. 2004) as an effective tool to 
monitor fluctuations in prey population trends particularly road-vehicle count method 
for management purpose. Its applicability lies in adequate number of detections of 
prey species along road sides (Ilirst 1969) especially in open habitat conditions. This 
method was used in present study considering open habitat conditions, availability of 
road network and to make the data comparable with all previous studies. Prior to this 
study, Berwick & Joslin (1970) followed by Than at al. 1990s assessed the 
availability of ungulate biomass in Gir WLS. As per the results after monitoring of 
2998 km of mad transects which resulted in adequate number of detections were 
gained for all available prey species except four homed antelope and chinkara which 
were rare species of the ISA and black napped hare (BNB), being a nocturnal species. 
The distribution pattern of ungulates determined in the ISA revealed that the 
ungulates occur widely in the Gir WLS across all ranges and habitat types. Of that 
chital was represented fairly across the entire area of the park. Khan (1996) assessed 
ungulate densities in various stratums of Gir WLS and found that ungulate densities 
varied significantly in Sanctuary west, Sanctuary east and National Park. Chiral being 
the main prey item in the diet of leopard and lion, its density was found to be highest 
in Sanctuary west. The present study also documented a very high chital density in the 
ISA. Sambar preferred to occupy hilly areas whereas nilgai was found to occupy 
open habitat conditions and plain topography. 
Seasonally, summer density estimates of prey species were lower in comparison to 
winter estimates but statistically significant (Table 4.9 a & b). Khan et at (1997) also 
found that winter season densities of ungulates were higher in open areas due to 
higher availability of forage at edges (availability of fresh grass, browsing sprouts, 
fallen leaves and fruits of trees etc.). Bagehi at at (2004) added that sambar being 
browser tend to be migratory, moving onto the plains from hilly topography during 
winter. Common langur and peafowl were found to have healthy populations inside 
the ISA. Chital and peafowl showed variations in encounter rates during surveys 
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conducted over the study period (2009-2012) while other species did not show any 
such variation. Raman (1997) comprehensively studied key factors influencing 
population estimates seasonally and found significant relation in seasonal and 
monthly changes in relation to rainfall status and habitat types respectively. Besides, 
encounter rates predicted accuracy in current estimates (Fig 4.5). The rainfall plays a 
significant role in increasing growth rate of most abundant prey item in Gir i.e. chital 
between years (Fig 4.6). The rivednc habitat also supported ungulate populations 
significantly. Wegge & Storaas (2009) obsered consistent increase in ungulate 
population since 1976-1998. Apart from those above mentioned factors low or 
negligible proportion of cutting and logging have positive impact on prey population 
(Davies el af. 2001). The most important properties of a model for a detection 
function were model robustness (pooling of the data), shape criterion (as evidenced by 
best model fit "hazard rate") where theoretically and empirically, it is suggested that 
detection function should have a shoulder near the line, and estimator efficiency must 
work well with smaller variances (%CV). 
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Figure 4.5 Pattern of encounter rates during study period (2009-2012) in western Gir 
Lion Sanctuary, Gujarat. 
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Figure 4.6 Growth rate of chiral population was calculated using estimates of past 
(Justin & Berwick 1970, Khan et al 1996 & 2007) and present study (2009-2012) in 
western Gir Lion Sanctuary, Gujarat. (Regression curve estimation was used to 
estimate growth rate.) 
This was found across all prey density estimates throughout the study period 
(Burnham el al. 1980) (Table 4.10 & 11). 
Histograms suggested no evasive movements of prey species with smaller clusters at 
0 distances which reduced possibility of bias in detections respectively (Fig 4.2, 4.3, 
& 4.4). Whilst, X2 GOF appeared comparable when tested hypothetically as for about 
all prey species statistically significant on overall and seasonal basis respectively and 
only sambar lacked significance during summer season while nilgai during winter 
season. The findings of present study showed Gir forest to be more productive and 
even carrying higher prey densities than other tropical deciduous forests (Table 4.13). 
4.4.1 Comparison from past studies and others 
In comparison of other protected areas (Table 4.12) of Southern Asia, It is clearly 
understood that chiral growth rate significantly relates to the rainfall (Fig 4.6) which 
fluctuates forest-wise temporally (Kranth & Sunquist 1992, Khan of al. 1996). 
Presence of perennial water (See chapter 2, Map: 2.4) is another resource for its 
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higher population density in Gir. The sambar density per unit is quite low than other 
ecosystems (study no. 1,4,5,9,10,11,12 &13) as these estimates range from 0.75 to 
19.13individuals km-2. However the sambar density has been fairly stable over last 2 
decades in Gir. Nilgal and wildboar densities are of considerable interest as these 
were below from few parks (study no. 7, 11, 12, 13 & 14 and 2,4,12, & 13). Density 
estimates of langur population were low than other studies which might have been 
influenced by dispersed troop patterns and canopy cover density (study no. 
3,5,9,12,13, & 14). Peafowl population contributed 1.7°% to the total biomass of 
availability of prey species. Due to consistent efforts of habitat improvement through 
eradication of weeds (e.g. Cassia torn, Lantana canmara and Prosopisjul(ora etc.) to 
improve carrying capacity and availability of water (e.g. the practice of filling of 
about 15-20 artificial water points regularly dawn and dusk during hot and dry 
seasons, and availability of natural water resources) have all positively contributed to 
rising trend in prey population Berwick & Soslin (1970). Khan (1996) concluded that 
vacant areas from livestock grazing due to shifting of maldharis (1972) have 
contributed significantly to strengthen the bulk of prey population. Available prey 
species have relatively revealed significant difference between habitat use owing to 
differences in vegetation structure and plant composition. Among identified habitat 
types, TMF was used highly by chital, sambar, wild boar, langur, and peafowl 
followed by use of TAZ respectively. Furthermore, it was found that forest structure 
at edges was structurally and floristically more diverse offering a wide variety of food 
plants to ungulates. Teak-Acacia-Ziziphus habitat offers the abundant fruits of 
Zizyphus and Acacia species and seemed to be an important resource for chital 
congregation (Khan 1996, Raman 1997, Karanth & Sunquist 1992). On overall 
account, the bulk of food biomass to predators is contributed by chital followed by 
Nilgai, Saarbar, Langur, Witdboar and Peafowl respectively. 
4.4.2 Conclusion 
Due to fine network of roads in the park crisscrossing different habitat types, it is 
anticipated that prey estimation using mad vehicle count could be a better option if it 
is attempted on seasonal basis consistently for a long duration. Monsoon season may 
be covered strategically to conduct survey in early and late season which can enhance 
data accuracy. The potential to sustain such a high predator population Qeopard and 
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lion) is only possible through managing and conserving high prey population biomass 
in the forest habitat like Gir WLS. Food habit analysis of leopard and lion revealed 
that large wild prey such as chital contributes to the bulk of predator's diet. So it is 
clear that in the absence of the large prey, leopard and lions would continue to survive 
on other alternatives, and that may be small prey, domestic livestock. 
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Table 4.12 Comparative study of large ungulate densities estimated in Gir PA from other Protected Areas, 
Location Habitat Method Species density/km` 
Used Chital Sambar NG Wild boar Luogur 
Girwestem DDF Roadvehicle count 60,26 2.48 2.78 3.05 19.1 
sanctuary 
Bandhipur' DDF Linetransects 20.1 5.6 - 
Bardia MDF/Tall Grass Strip census 190 NA 0.1 4.2 
Bbadral3 MDF Foot transecls 4.51 0.89 - 2262 
Chitawan' Rf Tall Grass Belttransect 439 B 4.2 
Corbett TRS MDF Foottransects 31.1 3.2 0.1 2.5 31.2 
Kasha6 MDF Linetransects 49.7 1,5 - 
Keoladeo' - 9.79 0.75 7.0 2,24 
Mudumalais TDF 55.30 NO - 0,40 
Nagarahole9 MDF Foottransects 50.6 5.5 23.8 
Pench10  DDF Foottransects 80.70 6,09 0.43 2,59 
Rajaji 1 - 22.90 9.23 8.29 - 
Ranihamhorc' TDF Foottransects 31.00 17.15 11.36 9,17 21.7 
Sariska" DDF,ThomForest Foottransects 20.47 19,13 52.76 25.53 21.97 
Satpura NP'a D & MDF Road vehicle count 3.7 23 0.5 3.3 36 
Source: Present study 2009.20121, Karanth & Nichols 2000', Wegge & Storms 2009`, JoJiasnu at ol. 2000', Karki eI al, 20091, Khan eta!, 2008', 
Karan>h &Nichols 19986, Naque 1990, Ramesh at at. 2009s, Ka-,anth, & Sungaest 1992,Bisu'as & Sankar 2002'r, Monda12006", Bagchi et al. 2004 
1P, Modal 21 °, Edgaonkar 2008 4 . (-)= Data are notavailable. 
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Table 4,13 Comparative study of prey dens ties estimated in present study from past studies conducted in the Gir PA, Gujarat, 
Method Species density Ind 
Source Chital Sambar NG 11'R PF LG 4HA Chink 
Present study4 Road-vehicle 60.25 2.48 2.78 3.05 18.94 19.84 0.66 0.86 
2009.2012 count 
Presentstndy* Road-velilcle 65.23 2.23 1.99 3.23 (4.88 29.29 • - 
2011.2012 count 
Present study" Road-vehicle 64,11 1,4 2,39 3,68 18,1 18.09 - - 
2010.2011 count 
Presentstudy" Road-vehicle 58.58 1.28 1.16 2.98 18.62 12,59 - - 
2009.2010 count 
Khanetat..2007 RC+FC 47.8 2.0 0.32 1.48 14.00 73 0.4 - 
Khanetal.1997 Linetransect 25.2 1.8 0.39 2.10 • - 0.42 1.20 
Khan 1996 Roadside 50.8 2,09 0.58 - 0.42 2.40 
counts 
Berwick 1974 Road count 3.57 0,24 0.85 - - 0.22 0.17 
Joslin 1973 Road count - 
Note.(-)= data are not available,NG=nilgai,AV8 wildboar,Pf=peafowl,LG`laudr,FElh=faunhomedartc1opa;Cltink=ehinkara. 
RC+FC9oad count+fool coact. 
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PREY SPECIES UTILIZATION 
5.1 Introduction 
Large predators are an integral component of an ecosystem because of their ecological 
role in regulation of prey populations. Ecologically, reduction in the top trophic level 
may bring dramatic imbalance to the ecosystem through overabundant herbivores 
population (Wangehuk 2003). The herbivores populations have direct influence on 
plant taxa and thus affect diversity, richness, and performance of an ecosystem 
(Terborgh et al. 1999, Allombert etal. 2005). Their presence at the top of food chain 
makes predators good indicators of the healthy ecosystem. Generally, wide diversity, 
high abundance and regular presence of predators are positive signs of a broad range 
of a prey species and of sustained biodiversity of a forest ecosystem (Logan & 
Swearer 2001). In areas where the number of predator species have drastically 
declined, the chances of competition among the remaining animal taxa may increase 
and sometime may threaten the survival of some species specially which are 
considered to be vulnerable to competition and inter-specific killing (Caro & Stoner 
2003). Leopard (Panthera pardus jwka) and lion (Panthera leo persica) co-exists 
together in Gir WLS. Both predator species exists in healthy population where lion is 
positioned at top of terrestrial food chain while leopard is the co-predator similarly. 
Leopard is well known as a generalist predator (Vowel & Jackson 1996) as it can live 
and thrive almost anywhere in a variety of habitats ranging from degraded to optimal 
conditions due to flexibility in its diet (Bailey 2005, Hayward er al. 2006). Leopard 
can prey upon twice of his body weight (Bailey 2005) and also small prey items such 
as rodents, birds, hart etc. In open habitat leopard hunt alone at night where its 
camouflage allow stalking exceedingly close to its quarry (Hayward et al. 2006). 
Alternatively, leopards of rainforest are diurnal hunter with crepuscular peaks 
(Henschel & Ray 2003) by ambushing prey at fruiting trees and along riverine trails 
rather than stalking (Hayward et al. 2006). Leopard in Gir are active both during day 
as well as during n and hunt through stalking the prey. 
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The primary purpose of food habit examination of large predators is to investigate 
inter-specific interaction or coexistence since there is significant impact on 
distribution and abundance of these species, specifically when there is utilization of 
same resources for existence (Karanth & Sunquist 2000). Several studies have been 
carried out to investigate leopard food habits alone or in combination with tiger and 
other predators in the Indian subcontinent (B iswas & Sankar 2002, Bagchi et al. 2003, 
Loyal & Sankar 2003, Reddy et at 2004, Hayward et at 2006). But diet profile of 
leopard when coexisting with lion has not been investigated. The present study 
describes the diet profiles of leopard and lion of Gir WLS along with detailed 
information on seasonal predation pattern. It also quantifies the niche overlap to 
measure the intra-specific prey selectivity pattern between lion and leopard coexisting 
sympatric predator species on seasonal accounts. 
Leopard is specialized killer of small to median sized prey items including ungulate 
prey species while lion mainly hunt of large prey species (Rabinowitz 1989, 
Arivazhagan el at 2007, Hayward et al. 2006). It is hypothesized that medium to 
small prey items would comprise the leopard's diets and medium to large prey items 
would comprise lion's diet. Hence, scientific data on their food habits and resource 
utilization were gathered for vital understanding as well as for meeting conservation 
needs. 
5.2 Methodology 
5.2.1 Data collection 
5.2.1.1 Field sampling for scat collection 
Seats were collected from predator paths (established roads and established trails) and 
prey kills sites made by predator (Breuer et al. 2005, Andheria et al. 2007). For roads, 
a constant speed of 15-20 km'" was maintained while continuously scanning the road 
and adjacent areas for scats (Karanth & Sunquist 1995, Ramakrishinan et al. 1999). 
Areas frequented by leopard and lion were identified by intensive monitoring of study 
area and indirect evidences such as trees scratches, scarps, spoor impressions etc. 
(Bailey 2005). The selected paths were walked in search of scats because the 
collection of scats was not an easy task and sometimes substantial efforts were made 
to search seats. The surveys were terminated when a maximum of 150 scats were 
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collected in a particular season. Scats were also collected from near a kills made by 
either leopard and lion and the same were assumed to be of previous kills, or small 
prey killed between kills (Laundre 2008). Liquid scats, which only contain protein 
and small amount of hair, were unsuitable and the same avoided from being collected. 
The year was covered for scat collection following seasons consistently. 
Summer season sampling: Efforts wore made to monitor all pre-identifled paths 
(roads and trails) for large predator (leopard and lion) scats during summer season. 
All possible sites predicted for frequent use by these predator species were monitored 
systematically for collection of seats. Scats detected during field searches for direct 
sightings and tracking of radio-collared leopards (Ml and M2) were also collected 
simultaneously. Surveys for summer season were conducted from March 1ST' to June 
I5's each year. 
Monsoon season sampling: Monsoon season was avoided because of two factors (i) 
heavy rains which permit opaque growth of invasive weeds like (Cassia torn) and 
decaying of scats by dung beetles excavation. Both obstacles make collection of 
monsoon sample extremely challenging. 
Winter season sampling: Winter season surveys were carried out like of summer 
season between December 15th to Marchl f) h each year. 
Identification of scats: Scats of solitary leopards and prides lions were identified on 
the basis of field experience and separated using supplementary evidences such as 
differences in quantity and the size of seats, scat end points, lobs etc. plus sometimes 
the presence of predator tracks and scrapes marked on sites of forest roads and trails 
(Henschel et al. 2005, Karanth & Sunquist 2000). The scats which created confusion 
with that of lion sub-adult were not included in the analysis. 
Collection and treatment of scats: After identification a portion of the scat 
containing adequate amount of prey remains such as hair and other undigested body 
parts etc. were collected in a Ziploc bag from the site and number and date were 
recorded. Other information like GPS location, habitat type was also recorded. 
Initially the numbers of scars were high but later the collection declined after some 
days when the area was cleared of all scats. The scats were then sun dried at the end 
of a particular season during whole duration of the study (2009-2012). All scats 
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collected during particular season either summer or winter were mixed and randomly 
sorted for treatment. Sorted sample was first soaked separately in a shallow container 
for 10-12 hrs. Soaking was done with equal volumes of warm water, then completely 
fragmented and then filtered ever sieve (lmm) thoroughly running water several 
times to remove soil particles. The remaining material i.e. hairs and other indigestible 
parts were extracted from the organic material and desiccated through soaking paper 
(Purchase & Tait 2000). 
Slide preparation and examination: Extracted hairs from homogenous soaked scats 
scrupulously mixed and randomly picked and placed in to a separate Petri-dish to treat 
in Xylol (50 % Ethyl Alcohol and 50 % Xylene) for over a night to eradicate possible 
calcium present on the hair samples. Clean hair were then removed from Xylol and 
dried to mount on micro slide. If hair was observed lengthy then it was dissected in 
two equal parts of proximal and distal to prepare slide. Thereafter, hairs were 
mounted on micro slides (75mm long and 25mm wide) using DPX hair regent and 
packed by square or circular cover slip (22 mm) and left over for a night to fix it 
permanently. Hence each sample of seats (minimum 80) was treated alike for 
pennanent slides for microscopic examination of occurring prey remains. A 
standardized sample of hair per scat was used to make five slides (n = 20 hair/scat) to 
identify diet profiles of large predators (leopard and lion) as reported that the prey 
items maybe missed, if less than 20 hairs imprints per scat are used (Mulcherjee etal. 
1994, Ramakrishinan et al. 1999, Ramesh er at 2009). Slides were examined 
microscopically under magnification of 10x/0.25 to observe overall picture of a single 
hair which later were examined under power of high magnification for clearance of 
outer or inner cuticle pattern, medulla and scaling pattern etc. following the procedure 
explained in preparation of reference slides. All possible unique characters fixed due 
to examination of hairs were matched with reference collection of hair and with 
available literature (Ramesh et al. 2009, Foster et all 2011) to identify each hair to 
avoid. error (Koppikar & Sabnis 1976). Other undigested recognizable parts of prey 
passed through their digestive systems were also recognized with the help of literature 
(Hayward et al. 2006). However, occasionally medulla to hair width ratio was used to 
identifying prey species represented by seats. 
Reference collection of hairs (RCEI): A reference collection was prepared from 
hairs of mammals available from Sakkar Bagh Zoo, Junagadh or plucked from the 
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skin of different parts of the prey body from kill sites (Ogara et al. 2010). Hairs from 
the root mounted on slide with the help of DPX and labeled for hair representative 
(HRS) species following procedure described above in section of seats treatment. All 
details about the hair were microscopically established and recorded. The detailed hair 
characteristics were thoroughly observed, established and drawn for unique characters 
for each species marking appearance of the hair medulla and cortex to use in 
identification viz. cuticular pattern (smooth, serrated, broken or spiky) and medullary 
pattern (continuous, fragmented, broken or opaque and absent) along with scaling 
features if visible (mosaic, regular/irregular wave, broad/elongate petal, and 
transitional) (Purchase & Toit 2000, Ogara et at. 2010) thoroughly. This reference 
collection was prepared for at least 24 prey species including small mammals 
(Emmons 1986). Reference collection was photographed using micro image 
projection system of Olympus microscope (model, CH2oi) for accuracy in 
identification of prey species. 
Identification of prey remains from Scats: Prey remains like hairs identified 
microscopically with the help of RCH and hoofs, nails, bones, teeth, skin and feathers 
were identified macroscopically through the reference collection, literature and with 
the help of trained lab assistants (Koppikar & Sabnis 1976). Prey items were 
identified from scat to species level. 
5.2.1.2 Observation of kills along with GPS co-ordinates 
Secondly, the methodology based on observation of kills was implemented to 
investigate predation pattern of large predators (leopard and lion). A large number of 
wildlife biologists (Boesch 1991, Karanth & Sanquist 2002, Cooper & Pottorelli 
2007, Rodel cc al. 2004, Hayward et al. 2006) have applied this method to investigate 
large predators food habits in provision of preference of prey species in respect to 
sexing & aging criteria. 
Sampling design and data collection for kills: To locate a kill site, network of all 
predator paths (roads and trails) provided complete coverage of ISA (Balme 2007, 
Maehr et at 1990) from riverbeds across their edges, to rivulets of hills were 
intensively monitored on regular basis with the help of expert field assistants. 
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Plate 5.1 Identification, collection and treatment of seats of large predators (leopard 
and lion) in the field during study period (2009-2012) in western Gir Lion Sanctuary, 
Gujarat. 
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Table 5.1 Summery of collection and analysis of large predators (leopard and lion) scats during study period (2009-2012) in 
western Gir Lion Sanctuary, Gujarat 
Year 	 Leopard 	 Lion 
Collected froISA 
 
Collected fr ~wholeGir 
m 
	
Collected from ISA 
2U09.2010 150 	80 150 	so 	335 150 so 	150 	80 
2010.2011 150 	80 150 	so 150 so 	150 	so 
2011.2012 150 	80 150 	80 150 80 	150 	71 
total 450 	240 450 	240 450 240 	450 	231 
Vote:ISA = int sitie study area of Gir WLS 
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Major habitat types were recorded with additional information like distribution of 
kills, favorable terrain features, along with vicinity to nearest human habitation (HI-I), 
and water availability to investigate prey accessibility (Ilopecraft et al. 2005). Several 
hours were spent in each morning as well as in evening in search of kills particularly 
for leopards because of its secretive behaviour. 
Observation of kills: Kill sites were searched thoroughly with the help of signs like 
the smell of decaying meat, insect activity, and scavenger tracks (Balme et al. 2007, 
Ramakrishinan, et al. 1999). The flying scavenger also helped in indicating and 
locating kill site (Personal observation). Besides, a range of clues like alarm calls of 
prey, predator signs also helped to increase probability of searching kills. In case if no 
other identifiable prey retrains could be found then signs of struggle, blood on 
ground, and drag marks were used to substantiate a kill site (Karanth & Sunquist 
2000, Balme at al. 2007). At detection of kill, if the kill was intact, sex & age class 
(adult, sub-adult, yearling and fawn), estimated body weight and physical condition 
based on colour and texture of body at finer level carcasses of prey animals were 
recorded using hand held UPS (Karanth & Sunquist 2000, Balme etal. 2007). If the 
kill was unaccompanied, ancillary evidences such as spoor or tracks, scraps marks, 
teeth marks and nature of killing or injury, feeding routine, prey size and catching 
behavior examined carefully to identify the predator species (Karanth & Sunquist 
2000, 1995, Nunez et al. 2000). Other required information like whether a kill was 
cached in a tree then tree species, was also recorded (Vatkenburgh 1996). If kill stored 
in dense vegetation or under big boulder in river beds, concealed beneath of litter and 
whether it was scavenged by other species recorded together along with surrounding 
habitat type (Laundre 2008, Balme et al. 2007). If a fresh kill was found then the part 
of the day in which the kill was made categorized as morning; forenoon; evening and 
night were recorded if kill was accompanied by any large predator (leopard and lion) 
then site was avoided and records were maintained later when predator left the kill 
site. If kill was unaccompanied then each fresh kill was observed to one of the 
following killing strategy as throat bite, nape bite without nape breakage, combined 
nape or throat bite without nape breakage etc to examine inter-specific difference in 
killing tecimiques of predator because the pattern of killing and feeding the prey of 
each predator is different as leopards kill the animal biting on throat and remove 
rumen sac first to start feeding from back portion. Whilst lions kill the prey through 
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biting on nape, rip apart and completely consume within the day (Valkenburgh 1996, 
Karanth & Sunquist 2000, Ravi Chellam 1993). Time of hunting was determined on 
the basis of signs of predators found from the site (Karanth & Sunquist 2000, 1995). 
Searched kills were categorized as: very old (>I month), old (15 days), average (I 
week), fresh (I day). Carcasses (>1M) were included reliably as kill or as case of 
scavenging (Bailey 1993, Bagehi et al. 2003, Bodendorfer et al. 2006). Afterwards, 
tree and shrub crown densities were subjectively categorized at the kill site as open 
(0-25%), moderate (25-50%) or dense (50-75% during monsoon) along with visibility 
at the edges. Features of terrain were also recorded as the same contribute in hunting 
decision respectively (Funston et al. 2006, Cooper & Pottorelli 2007). 
Kill search using radio tracking: It has been reported widely that large predators 
stay new a kill until it is not being completely consumed, in case if not disturbed 
(Bailey 2005, Balme el al. 2007). Although some wildlife biologists recorded that 
leopards seldom stay at a kill site more than a day (Balme et at 2007) various other 
researchers have used radio-telemetry to find leopard kills and their schedule to stay 
at kill site (Bailey 2005, Balme et al. 2007). It is hence predictable that if subject 
predator is radio-collared, and stay near a kill, a cluster of GPS points can indicate the 
kill evidence. Several cases of predator kills were monitored either feeding on or new 
to a kill in past studies while certain sites were searched using drag mark as leopards 
often shift their prey from original site to safest one (Balme el al. 2007). For this 
aspect radio-collared leopards (for radio-collaring detail see sub-chapter 4) were 
located on daily basis either in morning and/or evening. Consecutive diurnal presence 
at a cluster was hypothesized to represent the best predictor for a possible kill 
(Anderson & Lindsey 2003). A GPS coordinates from the cluster were then used to 
navigate the potential kill sites under which area was searched on foot to a diameter of 
100 m.(i.e. the size of the identified cluster) following the search procedures reported 
by Anderson and Lindzey (2003). If no prey remains were found within that circle, 
the cluster was not considered as a kill site. It is recognized that smaller prey items 
might have gone undetected with this method (i.e. either the prey was completely 
consumed or the remains were carried out somewhere else from the kill site) but 
following this strategy several small kills were located and identified (e.g. new fawn 
of ungulate, Peafowl etc.). Radio-collaring technique provided aggregate aid to locate 
leopard kills. For each kill of leopard and lion located, records were made as 
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described above. First location was consistently monitored considering within the 
cluster to be the date and approximate time the predation event took place. Hence, 
predation rates would be calculated on seasonal and overall accounts (Laundre 2008, 
Anderson & Lindzcy 2003). Selected biological samples such as jaws and bones 
femur, tibia and hair samples were also examined from the kill sites if present, If 
lower jaws were available the prey were classed into age-categories (e.g. old adult, 
adult, sub adult yearling, and fawn) on the basis of eruption and wear of premolar and 
molar teeth (Karanth & Sunquist 2000, Mil Is 1992). For accuracy in age estimation of 
key prey species, the jaws from known animals collected and studied which serves as 
a known samples viz, jaws of unknown samples. Attempts to determine age through 
jaws were made only in south India by Cohen (1977) only and no further studies till 
now have been carried out. 
Investigation on food habit of large predators (leopard and lion), as well as their prey 
preferences and selectivity were done by analyzing scats following standard method 
of Mukherjee et at (1994) and through observation of kills (Karanth & Sunquist 
2000, Mukherjee et al. 2001) searched in the demarcated study area throughout the 
study period from 2009-2012. 
5.2.2 Data analysis 
Due to reliability of method, about 1256 scats of large predators (leopard and lion) 
were analyzed. Sample of 480 scats of leopards from ISA and 305 from whole Gir 
WLS and 471 scats of lions from ISA were analyzed to examine proportion of 
percentage of different prey species in diets of large predators (LPs) on overall annual 
as well as seasonal basis. An average of 60 km of animal trails were monitored 
carefully on foot once in an every month while S scat routs with total length of 156 
kms were driven with fixed speed (15-20 kms/hrs) to find a scat. Altogether most of 
the scats (45%) were collected from trails, about 20% seats from kill sites, and 33% 
from road sides. 
5.2.2.1 Estimation of relative frequency of occurrence, percent of occurrence, 
relative biomass and relative number of prey consumed 
Scat analysis provided a complete snapshot of type of prey species consumed with an 
advantage over other techniques because of the relative case of obtaining samples and 
Page 1 144 
Prey Species Utilization 
the nondestructive nature of the sampling procedure. Scats contained remains 
presented in frequency of occurrence (percentage of total scats containing an item = 
n/N) and percent occurrence (number of prey item found as percentage of total prey 
items) (Ackerman et al. 1984). Frequency of occurrence accounts for more than one 
item per scat, while percent occurrence indicates dominance of each item in the diet 
(Wang 2009). When prey size was highly variable, frequency of occurrence can 
distort the importance of different prey types in the diet while the importance of 
smaller prey can be overestimated (Ackerman et al. 1984, Karanth & Sanquist 1995). 
A corrected frequency of occurrence was needed if more than one prey item was 
found in the scat. If two items occurred in a scat, each was counted as 0.5 (Henschel 
et al. 2005, Ferdinand et al. 2008). All feasible attempts were made to convert the 
frequency of occurrence into relative biomass and number of individuals consumed 
(Moreno et al. 2006). The linear regression developed by Ackerman or al. (1984) was 
used to determine a correction factor that was needed to convert frequency of 
occurrence to relative biomass consumed (Henschel et al. 2005). This regression 
equation estimated the number of field collectable scats for a given weight of prey 
biomass y = 1.98 + 0.035x (for tigers and leopards) where, the independent variable x 
is the average weight of the prey species and the dependant variable y is the number 
of field collectable scats for that weight of prey (Cesar et al. 2005, Sankar & 
Johnsingh 2002). The dependant variable could then be converted using formula = 
"Relative biomass of prey consumed x  Frequency of occurence. of each prey 
species" found in the scats. The relative number of each prey species killed (E) was 
obtained by using formula = "Relative Biomass/ Average weight of the prey species ". 
The weights of various prey species killed by large predators (leopard and lion) were 
obtained from available literature (Prater 1993, Khan el al. 1996). To find out prey 
selectivity, the observed proportions of prey species in seats were compared with the 
expected proportion derived from their density estimates to conclude whether Gir 
predators (leopards and lions) in the ISA show selective predation or not? If there is 
no selection, one would expect a prey item to be taken at relative frequencies similar 
to the relative frequency of its availability. Any statistically significant deviation, 
whether positive or negative, would indicate preference or avoidance of that prey 
type. The expected proportion of seats containing a prey species was calculated as per 
the prediction of a hypothesis of non-selective predation. The multinomial likelihood 
estimator (see Link and Karanth 1994 for detailed discussion) used to compute the 
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expected proportion of seats from a kill of a particular prey species. To quantify 
selectivity, expected frequencies were derived from the densities estimated by road 
vehicle count method. if a kill of species (i) with a density (di) produces (2.i) scats, 
then the proportion of seats produced when the predator takes prey in proportion to 
their density is given by the following equation: 
d1A1  = 
Et di At 
The program SCATMAN -v2.0 (Hines and WA. Link, and Karanth 1994) was used 
using 1000 times bootstrapping to estimate prey selection by comparing the i to the 
observed proportion based on random samples of scats (Biswas & Sankar 2002, 
Ramesh er al. 2009). Hence, density estimates of prey species in both terms, i) 
individual density and ii) cluster density were used to calculate 2 sets of expected scat 
frequencies based on the assumption of non-selective predation. Besides, it is 
hypothesized that predation on a prey species likely to be determined by the density of 
clusters rather than individuals, which influence the encounter rates between the 
predator and its prey in a forested ecosystem (Karanth & Sunquist 1995, Biswas & 
Sankar 2002). The extent of food niche overlap between two large predators (leopard 
and lion) was calculated using Pianka's index (Pianka 1973). The program EcoSim 
version 7.72 (Gotelli & Entsminger 2007) was used on the percent frequency matrix 
assuming all availabilities to be equal, as well as on an electivity matrix. The 
calculated index can take values from 0 to 1, where 1 stands for identical food habits 
or complete overlap and 0 indicates completely different food habits, or no overlap. 
The entered proportional values are calculated in EcoSinr by summing up the now 
totals, and then dividing each entry in the matrix by its row sum. Therefore, the pis 
will sum to 1.0 for each species. LcoSim always takes the data and rescales it in this 
way before any indices are calculated or any randomizations are carried out. Once the 
data have been resealed, EcoSim will calculate the overlap between every pair of 
species in the assemblage. The formula used for calculating the overlap of predator 
speciesl (leopard) with species2 (lion), 012 is 
Page 1 146 
Prey Species Utilization 
~p2i Ple 
012 — ~a t 	 1 
i-t 
The indices were calculated for a set of j =l to n resource states. Let pp = the 
percentage frequency of species j taken by predator species 1. 
The index was also calculated on the electivity matrix comprising of electivity ert' 
where Rj is a measure of the availability of prey speciesj. 
eu =Pif IR 
The program randomizes the electivity for each combination of predator and prey 
species to generate a null model to compare with the observed mean index. If the 
mean overlap index value is at either tail of the distribution of simulated values then it 
can be judged to be significantly different than expected by chance. 
Diet diversity in the scats of leopard and lion was calculated using Shannon Diversity 
Index 
S 
Hr 	Pi In pi 
f~1 
Where p(i) is the proportion of the sample represented by species i, and In is the 
natural logarithm.. 
Assortment and preference of prey was calculated in percentage of particular prey 
species killed by large predators (leopard and lion) respectively. Mean prey weight of 
mammalian wild prey species was calculated statistically using student i-test (2- 
tailed). The Jacobs' index (Jacobs 1974) has been used to estimate prey selection 
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regarding their abundance (Hayward of al. 2006, Hayward & Kerley 2005). The index 
was computed using the following equation: 
T-p 
D T+p-zrp'  
where, r is the proportion of total kills of a prey species, and p is the proportion of the 
total abundance of that species. The values of the index range from +l to -1, 
indicating maximum preference and maximum avoidance respectively. Predation rate 
was calculated through radio tracking technique. The first location was considered 
within the cluster to be the date and approximate time the predation event took place. 
Therefore, it was calculated throughout the year for both co-existing predators 
(leopard and lion) population. 
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Plate 5.2 Killing and eating patterns of kills by lion in (iir I•ion Sanctuary, Gujarat. 
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Plate 5.3 Killing. concealing (in different ways to secure kill from lion ) and eating 
pattern of kills by leopard in ('sir Lion Sanctuary, (►u_jarat. 
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i • 
I. Chital tA.ri.s (LVl.ti a: proximal bulb. b: Proximal medulla c: Scales. d: 
Distal end 
II. Sambar (Cervus rneicolori a: Proximal bulb, b: Proximal medulla c: Scales. 
d: Distal end 
Plate 5.4 Snap shot of hair structures (unique teatures) of identified prey species in 
western Gir Lion Sanctuary. (;ujarat. 
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Ill. 	Nih.ai ,/e1(1/thus IragocaFnelu.$) a: Proximal bulb, b: Proximal medulla 
c: Mid medulla, d: Distal end. 
IV. 	13 lack Napped Ilare (Lc/us ni,'ricollisi a: Proximal bulb, h: Proximal 
medulla c: Mid medulla. d: Distal end. 
continued......... 
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V. 	Four Horned Antelope (Tetrucerous quardicornis. a: Proximal bulb, b: 
Proximal medulla c: Mid medulla. d: Distal end. 
V1. 	Chinkara % Indian Gazelle (Ga:e11a ga_ella a: Proximal bulb, b: Proximal 
medulla c: Mid medulla. d: Distal end 
continued......... 
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VII. 13utlalo (Buhalus huhali.cj a: Proximal bulb, b: Proximal medulla c: Mid 
medulla, d: Distal end. 
VIII. ('ow (I3o. idi cus/ a: Proximal bulb. b: Proximal medulla c: Mid medulla, 
d: Distal end. 
continued......... 
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IX. Small Indian Civet (Viverric ula indices) a: Proximal bulb. b: Proximal 
medulla c: Mid medulla. d: Distal end. 
X. 5-Striped Palm Squirrel (Funumhulus pennanIi) a: Proximal bulb. b: 
Proximal medulla c: Mid medulla. d: Distal medulla. 
continued......... 
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ry  .mss 
XI. Ruddy Mongoose (Herpe-vies smithi/ a: Proximal bulb, b: Proximal 
medulla c: Mid medulla. d: Distal medulla. 
XII. Common Mongoose (llerpesles echrard.si) a: Proximal bulb. b: Proximal 
medulla. c: Mid medulla. d: Distal medulla. 
continued......... 
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XIII. Indian Pangolin (:11u~ii crci.~.~iraucluIcr) a: Proximal bulb. b: Proximal 
medulla c: Mid medulla. d: Distal end. 
XIV. Common Langur (Presbvtis eniellus) a: Proximal bulb, b: Proximal 
medulla c: Mid medulla, d: Distal end. 
continued......... 
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XV. Wild Boar (Su.s .ccrofal a: Proximal bulb, b: Proximal medulla c: Mid 
medulla, d: Distal end. 
XVI. Pea fowl Pare crisfalus) a: Proximal bulb, b: Proximal medulla c: Mid 
medulla. d: Distal end. 
continued......... 
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XV II. 	Field mouse Alu.s hooiluga,i a: Proximal bulb. b: Proximal medulla c: Mid 
medulla. d: Distal end. 
] 	( 
•' y 	Ei_______________________ 
XVIII. 	Indian Gerbille (Tatra intlicai a: Proximal bulb, b: Proximal medulla, c: 
Mid medulla. d: Distal end. 
continued......... 
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XIX. 	Indian Partridge ( /'l'(llJ('UIIIJus /)OIl[IIC('!'lUlJflx) a: Proximal bulb. h: 
Proximal medulla c: Mid medulla. d: Distal end. 
N. 	Indian Porcupine (IIi slrix i►l(lic a) a: Proximal bulb. h: Proximal medulla c: 
Middle medulla. d: Distal end. 
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Plate .5 Prey remains (hoot_~. nails. bones. teeth. skin and feathers) separated From 
large predators (leopard and lion) scats in %Nestcrn Gir Lion Sanctuary. (;uiarat. 
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5.3 Results 
5.3.1 Diet composition 
The diet profiles of leopard and lion were analyzed using a total of 1256 scats of 
which 480 were of leopards scats, and 471 were of lions scats form the ISA and 305 
scats were of leopards from the extensive study area (whole (hr WLS). During study 
period 20 hairs were picked to determine the 100% diet profiles of leopards and lions 
as recommended by Khan el a/. in 2007. The diet profiles of large predators showed 
that these were highl} dominated bN wild ungulates rather than any other species. Diet 
compositions of large predators (leopard and lion) for overall as well as for different 
seasons are listed in Tables 5.4 to 5.8. 
The proportional contribution of prey species in overall diet of common leopard 
scanned from 480 scats were containing 1172 prey items (2.44 prey items/scat) in the 
ISA, and 305 scats were containing, 785 prey items (2.57 prey items/scat) in the whole 
(;ir WLS. On seasonal basis. the proportional contribution of prey species in the diet 
of common leopard was determined from 240 scats for each season (summer and 
\\inter) respectivel). These were containing 572 and 600 prey items (2.38 prey 
items/scat in summer and 2.5 prey items/scat in winter) in the ISA. 
In case of lion, the proportional contribution of prey species in overall diet was as 
determined from 480 scats were containing 895 prey items (1.86 pre` items/scat) in 
ISA. On seasonal basis, the proportional contribution of prey species in diet of lions 
as determined from 240 scats of summer season contained 449 prey items and 231 
scats of winter season contained 446 pre} items respectively (1.87 prey items/scat in 
summerand 1.93 prey items scat in winter) in the ISA. 
Leopard diet had contribution of' key prey species chital (34.27%) along with 
contribution of rare specie-, ratel (13%) respectively. In small animal taxa. lowest 
contribution was calculated for small birds (0.25%). Ungulates emerged as the most 
important taxa for leopards diet making up maximum percentage of relative biomass 
(84.45%) consumed and contributed by chital (Axis ari.s/, sambar (('ervus unicolor/, 
nilgai IBo.celap/oos iragoeame!us,i and wild hoar (Sus srroEci). while the other taxa 
only played a minor role making up small percentage of relative biomass (8.23%) 
contributed by langur fl'reshvii.s eniellus/, peafowl (Pave c•rislalus), mongoose 
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(//car fpesle.s .V/)y).1. black napped hare (/.c/ni.s rzigricoli.~). squirrel (Funarnhulus 
/~ennaniz). rodent spp.. civet (1'iverricula inclica), porcupine (Hvctrix inclicai. etc. 
Domestic livestock contributed 7.40% to the leopards diet only 
Two diet profiles (DP) were analyzed for leopard (i.e. DPI from ISA and DP2 from 
whole (hir VVLS). Both diet profiles (DPI and DP2. Table 5.4 & 5.8) were similar in 
contribution of large ungulates and other small taxa with minor variation. DPI had 
contribution of rare species pangolin (0.5 1 %) along 16.81% contribution of smaller 
taxa (some small birds. rodents, squirrel, civet. black napped hare and mongoose) and 
4.86°rb contribution of livestock. Similarly DP2 also had contribution of rare species 
pangolin and ratel (1.78% and 0.13%) and 18.59% and 5.22% contribution of smaller 
taxa (bird, rodent, squirrel. civet, black napped hare and mongoose) and livestock 
respectivel'.. 
On seasonal basis, diet profiles of leopard (DP3 and DP4) exhibited almost similar 
contribution of common ke) prey species such as chital (38.5%) during summer and 
(38.7%) during winter season. The DP3 was specialized with contribution of rare 
species pangolin (1.05) which was missing in DP4. 
In case of lion, the diet was dominated by chital contribution (44.58%) livestock 
contributing 5.48% to the lions overall diet (DPl ) (Table 5.6). On seasonal basis. both 
diet profiles (DP3 and DP4) varied with negligible differences as during summer 
season chital contribution as calculated to be 44.32% and during winter season it 
was calculated to be 43.95% with domestic livestock contributing 3.3% and 4.7% 
during summer and w inter season respectively ("Table 5.7 a. b & c). 
5.3.2 Diet diversity and Niche overlap 
Prey di\ersity 	as 19 and 14 prey items in leopards and lions diet in the form of' 
different mammalian prey species including two rare species and arra\ of smaller 
taxa. Prev remains (hooves, skin, nails, spike, specific hones and leather etc.) of 7 
prey species (i.e. chital. sambar, small birds. PF. porcupine, livestock) were found 
during anal\ sis. 
During analysis of leopards scats it was found that maximum scats were containing 
>1 pre\ items resulting in the average pre} items value of 2.44/scat for overall diet 
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hile on seasonal basis it was calculated 2.38 prey items ;'scat for summer season and 
2.5 prey items /scat for winter season respectively. Whilst, diet of lions had l .83 prey 
itemw'scat for overall diet and on seasonal accounts it was 1.87 prey items /scat for 
summer season and 1.93 pre\ items /scat for winter season respectively. Consequently 
the diet diversity of leopard was calculated significantly high (ll'= 1.95), at 95% 
confidence limit from lion (Il'=-1.48) respectively. 
The calculated niche overlap between leopards and lions was high (0 = 0.95) for 
overall diet. On seasonal basis winter season had significantly higher niche overlap (0 
= 0.97) compared to summer season (0 = 0.92) respectively. Niche breadth of 
leopards was high during summer season (I3 = 0.32) and low winter season (/3 = 0.30). 
l)ue to coexistence of two svmpatric large predators their Iood habits at inter-specific 
level (() = 0.96) or intra-specific level (() = 0.99) overlapped significantly (Table 5.2). 
Fable 5.2 Niche overlap between and within predators (leopard and lion) using 
Nianka's index (1973). 
Duration Niche 	Niche combinations 	 Variance criteria 	 _ 	_ 	overlap(0) 	j Breadth(13) 	_ 	-  
bet \%een predators 
Overall 
Summer 
Winter 
Seasonal 
Summer-w inter 
Summer-winter 
Lion 	0.95 
	
0.92 	t - 
0.97 
within predators 
leopard- 
Leonard 0.99 	0.32 	 0.05 
Lion-Lion 	1 0.96 	 1 0.30 	 j 0.07 
0.03 
0.03 
0.06 
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Figure -5.1 Pre),, diversity in diet of large predators (leopards and lions) in terms of % 
of number of pre\ species detected in scats for overall and seasonal (summer and 
%% inter) accounts during study period (2009-2012) in western Gir Lion Sanctuary. 
Gujarat. 
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Table 5.3 Prey species found during analysis of scats in western Gir Lion Sanctuary, 
Gujarat. Average unit weight (X) of prey species were taken from Khan (1996), Prater 
(1985), number of collectible seats/kill (Y) derived using regressions equation of 
Ackerman et al. 1994 (Y = I.990 + 0.035X) for large predators. 
Prey species found 
in the leopard diet 
Prev Wt 
(kg)(X)  
No. of collectible scats 
(V) 
Chiral 45 3.56 
Sambar 166 7.79 
Nilgai 184 8.42 
Peafowl 4 2.12 
Langur 8 2.26 
Bird 0.25 1.99 
Buffalo 273 11.54 
Cow 180 8.28 
Four homed antelope 21 2.72 
Chinkara l2 2.40 
Porcupine 8 2.26 
Pangolin 11.5 2.38 
Ratel 11.25 2.37 
Rodent 0.11 1.98 
Squirrel 0.11 1.98 
W ildboar 32 3.1 
Civet 8 2.26 
Black-napped-Hare 3 2.09 
Mongoose 028 1.99 
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Tab] a 5.4 a Number of prey items and proportion (%F) of different prey species in diet of common leopard as derived from scat data 
(480 seals) during study period (2009.2012) on overall account in western (ii! Him Sanctuary, Gujarat, (UJPla) 
Prey 2(1(19.2010 2010.1011 2011.2012 2009.2012(Overall) 
species No. (%) F No. (%) F No. (%I F No. (') F 
Chital 146 36.32 155 37,53 151 4).3 452 38.57 
Sambar 87 21.64 85 2058 79 22.13 251 21A2 
Nilgai 45 11.19 23 5.57 29 8.12 97 8.28 
Peafowl - - 2 (148 4 1.12 6 0.51 
Langur 14 3.48 8 1.94 12 3.36 34 2.9 
Bird I 0.25 I 0.24 I 0.28 3 0.26 
Buffalo 8 1.99 36 8.72 9 2.52 53 4.52 
Cow 4 0,9? - - 4 0.34 
FH Antelope I 9,25 3 0.73 - 4 0.34 
Chinkara I 025 2 0,56 3 026 
Porcupine - - - 3 0.84 3 0.26 
Pangolin 6 IA9 - - - 6 05I 
Rodent 10 9.95 53 12.83 24 6.72 117 9.98 
Squirrel 4 I 4 0.97 3 0.84 II 0.94 
Wild hoar 2 0.5 I 0.24 7 1.96 10 0.85 
Civet 23 5,72 II 2.66 18 :.04 32 4.44 
ON Hare I8 4.48 24 5.81 13 3.64 55 4.69 
Mongoose 6 1,49 3 0,73 2 (S6 II 0,94 
Note; Fuu-hixud amaoo`°" Rla,k :mppd we "'; (2.44 pr htemsluat) 
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Table 5.4 h Frequency of occurrence (A). relatI%e hiomass consumed % (I)) and relative number of pre individuals consumed % (F) h 
common leopard, based on 480 scats reslxciisel}. I1)PIh) 
Prey 2009-201() 20111-2011 2011-2012 2009-2012(overalll 
species (A) %(I)) %(E) (A) %(D) %(E) (A) %(I)) %(E) (A) %S(D) °ME) 
('hital 91.25 27.06 1.45 96.88 26.43 1.14 94.38 31.64 2.23 94.17 11.58 0.49 
Sambar 54.375 35.34 0.51 53.13 31.76 0.37 49.38 36.28 0.69 52.29 42.27 0.48 
1lilgai 28.125 19.75 0.26 14.38 9.29 0.10 18.13 14.39 0.25 20.21 17.66 0.18 
Peafoil1 -  • - 125 0.20 0.10 2.5 1150 0.40 125 0.27 0.13 
Langur 8.75 1.66 0.50 5.00 0.87 0.21 7.5 1.60 0.63 7.08 1.66 0.39 
Bird 0.625 0.10 1.00 0.63 0.10 0.74 0.63 0.12 1.48 0.63 0.13 0.97 
Buffalo 5 4.81 0.04 22.50 19.92 0.14 5.63 6.12 0.07 11.04 13.22 0.09 
('oss - 2.50 1.59 0.02 - - - 0.83 0.72 0.01 
FN Antelope 0.625 0.14 (102 1.88 0.39 0.04 - - - 0.83 0.1.3 0.02 
('hinkara 0.625 0.13 0.03 - - 1.25 0.28 0.07 0.63 0.16 0.02 
Porcupine 	 - 	- 	 - 	 1.88 	0.40 	0.16 	0.63 	0.15 	0.03 
Pangolin 	3.75 	0.75 	0.16 	• 	 - 	- 	- 	- 	1.25 	0.31 	0.05 
Rodent 	25 	4.14 	88.32 	33.13 	5.04 	86.76 	IS 	2.81 	78.75 	24.38 	5.02 	83.86 
Squirrel 	2.5 	0.41 	8.83 	2.50 	0.38 	6.55 	1.88 	0.35 	9.84 	2.29 	0.47 	7.88 
\\ ildboar 1.25 0.32 ' 	0.02 	0.63 	0.15 0.01 	4.38 	1.28 0.13 2.08 	0.67 0.04 
Cis et 14.375 2.71 0.82 	6.88 	1.19 0.29 	11.25 	2.40 0.95 10.83 	2.54 0.60 
B 	Hare 11.25 1.96 1.57 	15.00 	2.40 1.56 	8.13 	1.60 1.69 11.46 	2.48 1.56 
Mongoose 3.75 0.62 5.36 	1.88 	0.29 1.99 	1.25 	0.23 2.66 2.29 	0.47 3.19 
Nate: I our•hornLti antelop"" .Black napped hare 
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Table S.SaNumber of prey items andproporlions (%f) of different prey species in the diet of common leopard as derived from scat 
data (240 for each season as summer and winter) on seasonal accounts during study period (2009-2012) in western Gh Lion 
Sanctuary, Gujarat. (DP3 a and DP4 a) 
Summer Winter 
Prey 2009.2010 	2010.2011 	2011-2012 	2009.12 2009.2010 	2010.2011 2011.2012 	20094012 
S ecies No. °/O(F) No, % No. % No. %(P) No. %o No. %(F) No, %(F) No. % 
Cbital 71 34.3 	76 37.6 73 44.8 	220 36,5 75 38.5 79 37.4 78 40.2 	232 38.7 
Sambar 37 17.9 	47 23.3 30 18A 114 19.9 50 25.6 36 16 49 25.3 137 22.8 
Nilgai 30 14.5 	9 4.46 7 4.29 	46 8.04 15 7.69 14 6,64 22 11.3 51 89 
Peafowl - • I 0.5 4 2.45 	5 0.87 - • 1 0.47 • - 1 0.17 
Langur 10 4.83 	4 1.98 7 4.29 	21 3.67 4 2.05 	4 1.9 3 2.58 	13 2.17 
Bird • • • - 1 0,61 1 0.17 I 0,31 1 0.47 • • 2 0.33 
Buffalo 4 1.93 	17 8,42 	9 5,52 30 324 4 2,35 	19 9 23 3.83 
Cow - - - • • • - 4 1.9 • - 4 0.67 
FHAntelope I 0.48 	- • • • I 0.17 - - 3 1.42 • - 3 OS 
Chinkara 1 0.48 	- • • • I 0.17 - - - - 2 1.03 	2 0.33 
Porcupine - - - • 2 1.23 	2 0.35 - - - - I 0.52 	I 017 
Pangolin 6 2,9 - 6 1,05 - - - - - - - 
Rodent 19 9.18 27 134 	13 7,98 	59 10.3 21 10,6 26 12.3 II 5,67 	58 9.67 
Squirrel I 0.48 	2 0.99 	- - 3 0.52 3 1.54 	2 0,95 3 1,55 8 1.33 
Wild bear 2 0.97 	1 0.5 5 3,07 	8 1.4 - - - 2 1.03 2 0.33 
Civet 13 6.28 	6 7,97 	S 3.07 24 4,2 10 5,13 S 2.37 13 6.7 28 4.67 
BNHare 9 435 10 4.93 	7 429 	26 4.55 9 4.62 	14 6.64 6 3.09 	29 4.83 
Mougoose 3 1.45 	2 0.99 • - 5 0.87 3 134 	I 0.47 2 1,03 	6 I 
Note: Four-horned amelop "`" Block capped hare 
Page 1169 
PreySpeues Utilimtion 
Table 5.3 b Frequency of occurrence (A), relative biomass consumed % (D) and relative number of prey individuals consumed% (E) by 
common leopard, based on 243 seats during "simmer" season respeeuvely. (DP36) 
Prey 2009.2010 2010.2011 2011-2012 2009.2012(0veraII) 
Species (A) %(D) %(E) (A) a%(D) %(E) (A) %(D) %u(E) (A) %u(D) %(E) 
Chit3) 88.75 40.92 279 9100 41.94 2.19 91,25 51,21 4.42 91.67 20.91 0.97 
Sambar 23.13 23.36 0.43 29.38 28.41 0.40 18.75 23.06 0.54 71.25 35.62 0.45 
Nilgal 19.75 20.47 0.34 16 5.98 0.08 4.38 5.82 0.12 28.75 15.54 018 
Peafowl - 0.63 0.16 0.10 2,53 0.84 0.81 113 0.43 0.22 
Langur 6.25 1.83 0.70 2,50 0.70 0.21 4.38 1.56 0.76 13.13 1.90 0.50 
Bird - - 0.63 0;20 3.03 0.63 0.08 0.67 
Buffalo 2.50 3,74 0.04 10.63 14.22 0,13 5,63 10,24 0.15 18,75 13.88 0.11 
Cow 
FH Antelope 0.63 0.22 0.03 - 0.63 0.11 0.01 
Chinhara 0.63 0.19 0.05 - - - - 0.63 0.10 0.02 
Porcupine - - 1.15 0A5 0,22 1.25 0,18 0.05 
Pangolin 3.75 1.16 0,31 - - - - 3.75 0,57 0.10 
Rodent 11.88 3.06 83.09 16,88 4.16 8633 8.13 2.54 87.37 36.88 4.70 87.15 
Squirrel .0.63 0.16 4,37 1.25 031 639 • 1.88 0.24 4.43 
Wildboar 1.25 0,50 0.05 0.63 0.24 0A2 3.13 1.53 0.19 5.30 0,99 0.07 
Civet 8.13 2.38 0.91 3.75 1.05 0.31 3.13 1.11 0.34 15.00 2.18 037 
Bli1Iare 5.63 152 1.56 6.25 1.62 1.27 138 1.44 1.86 16.2$ 2.17 1i2 
Moneoose 1,88 0.48 5.31 1.25 0,31 2.59 - - - 3.13 0.40 299 
Note: Black napped hare  " Pow-homed 
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67.58 36,25 4.31 80.00 
18.43 5.00 	0.59 	11.03 
0.07 1,23 	023 	0.02 
129 17,50 	2.37 	0.62 
1.46 18,13 	227 	1.58 
4.97 3.75 	0.45 	3,35 
r 
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Table 5.5c Frequency of occurrence (A), relative biomass consumed % (D) and relative number of prey individuals consumed % (E) 
by common leopard, based on 240 seats during "winter" season respectively. (DP4b) 
Prey 	 2009.2010 	2010-2011 	 2011-2012 	2009.12 (Overall) 
Chital 
Sambar 
Nilgai 
Peafowl 
Langur 
Bird 
Buffalo 
Cow 
FR Antelope 
Chinkara 
Porcupine 
Pangolin 
Rodent 
Squirrel 
Wiildboar 
Civet 
BNHare 
93.75 	44.39 2,49 98.75 41.69 2.33 97.30 45.47 4.31 96.61 20.61 0,96 
31,25 	32.43 0.49 23.7 21.97 0.33 30.63 31.29 0.80 85.63 39.99 09l 
9.38 	10.51 0.14 8.79 8.75 0.12 13.75 15.19 0.35 31.88 16.09 0.18 
0.63 0.16 0.10 - - 0.63 0.08 0.04 
250 	0.73 0.24 2.50 0.67 0,21 3.13 0.93 0.49 8.13 1.10 0.29 
0.63 	0.17 1.67 0.63 0.15 1.48 - - - 1.25 0.15 124 
2.50 	3.84 0.04 11.88 16.27 0.15 14.38 9.94 0.08 
2.50 2.46 0.03 - 2.30 124 OF 
1.88 0.60 0.07 - 1.88 0.31 0.03 
- 1,25 0.39 0.14 1.25 0.18 0.03 
0.63 0.19 0.10, 0.63 0.08 0.02 
13,13 	3.47 	77.48 	16.25 	3.83 	8521 	6,88 	I. 
1.66 	0.50 	11.07 1.25 0.29 6i5 	1,88 0,49 
1S 0.31 
6,25 	1.88 	059 3.13 0.84 0.26 	8.13 2.41 
5,63 	1.56 	131 8.75 2.17 1,82 	3.75 1.03 
1.88 	0.50 	4.48 0.63 0.15 1,33 	1.25 0.33 
Nola: Black rapped 
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Table 5.6a Number of prey items and proportions (%) of different prey species in Asiatic Lion diet as derived from scat data (471 scats) 
on overall account during study period (2009-2(112) in western Gir Lion Sanctuary, Gujarat. (DPIa) 
Prey 2009-2010 2010-2011 2011-2012 2009.2012 (Overall) 
Species No. (%) F No. (%) F No. (°A) F No, (%) F 
Chital 128.00 43.54 147.00 46.67 124,00 43.36 399.00 44.58 
Sambar 75.00 2351 99.00 30.16 59.00 20.63 229.00 25,59 
Nilgai 62.00 21.09 41.00 13.02 60,00 20.98 163.00 18.21 
Peafowl 3.00 1.02 - - 3.00 0.34 
Langur - - 5.00 1.75 5.00 0.56 
Buffalo 12.00 4.08 10.00 3.17 23.00 8.04 45.00 5.03 
Cow 1.00 034 3.00 0.95 4.00 0.45 
F9 Antelope 2.00 0.68 2.00 0.22 
Chinkera - 1.00 032 - 1.00 0.11 
Pangolin 2.00 0.68 1,00 0.32 1.00 0,35 4.00 0.45 
Rodent 1,00 0.34 4,00 IT 2.00 0.70 7.00 0.78 
Wild boar 400 1.36 6.00 190 8.00 2.80 18.00 2.01 
Civet 3.00 I.02 2.00 0.63 4.00 I.40 9.00 1.01 
BNHark 1.00 0.34 5.00 1.59 6.00 0.67 
Note: Black napped here ... Four-homed anlelop 
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Table 5.6b Frequency of occurrence (A), relative biomass consimed % (D) and relative number of prey individuals consumed Ye (B) by 
Asian Lica, based on 471 scats for overall sample respectively. (DPIb) 
Prey 	2009.2010 	2010.2011 	7011.2012 	2009-1011 
Cbital 80.00 26,03 26.07 91,88 29,90 12,39 82.12 26.71 18.70 64.71 2694 16.81 
Sambar 46,88 33.43 9.07 59.38 42.34 4.75 39.07 26,28 4.99 46.62 33.89 )33 
Nilgai 38.75 29.87 , 7.31 25.63 19.75 2.00 39.74 28.89 4.95 34.61 26.07 3.98 
Peafowl 1.88 0,36 4.10 - - - - - 0.64 0.12 0.85 
Laugur - - - 3.31 0.65 2.54 1.06 0.21 0.75 
Buffalo 7.50 7.92 131 6.25 6,60 0.45 15.23 15.17 1.75 9.55 986 1.01 
Cow 0.63 0.47 0,12 IN 1,42 0.15 - - 0.85 0.63 0.10 
FHAatolope 1,25 031 0,67 • 0.42 0.10 0.14 
Chinkara - - 0.63 0.14 0.21 • 0.21 0.05 0.11 
Pangolin 1.25 0.27 1.07 0.63 0.14 0.22 0.66 0.14 0.37 0.85 0.18 0.44 
Rodent 0.63 0.11 45.27 2,50 0,45 74.90 1.32 0.23 63.26 1.49 0.26 65.56 
Wadboar 280 0.71 1.00 3,75 1.06 0,62 5.30 1.42 1.40 3.2 1.06 0.93 
Civet 1.88 0.39 2.19 1.25 0.26 0.60 2,65 052 2.04 1.91 0.39 1.36 
BNHare 0+63 0.12 1.79 3,13 0.60 3,71 • - 1,27 0.24 222 
Note Blaekcapped hure °°" Four-homed a Ielop 
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Chital 
Sambar 
Nilgal 
Peafowl 
langur 
Buffalo 
Cow 
FH Antelope 
67 	44.37 	72 	46.45 	64 44.76 199.00 44.32 61 
45 	29.80 	48 	30.97 	23 16.08 129.00 28,73 30 
25 	16.56 	23 	14.84 	29 20.28 79.00 17.59 37 
2 	132 	- 	- 	- - 2.00 0.9S 1 
4 2.80 LOU 0.22 - 
3 	1.99 	4 	2,58 	18 12.59 12,00 2.67 	'9 
1 	0.66 	2 	1.29 	- - 3.00 0.67 	- 
1 	0.66 	- 	- 	• - IX 0.22 	1 
Chiahara 
Pangolin 	2 
Rodent 	- 
Wildboar 	3 
Chet 	2 
BNHare 	- 
132 	- 1 0.70 2.00 0.45 
1 0.70 LOU 0.22 
1.99 4 2.58 2 1.40 13.00 2.90 
1,32 1 0.63 1 0.70 6.00 1.34 
1 	0.65 	- 	- 	1.00 	0.22 
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fable 5,7a Number of prey items and proportions (9'°) of different prey species in diet of "Asiatic lion" as derived from scat data (240 
and 231 sals for summer and winter seasons) on seasonal aecounl during study period (2009-2012) in western CU Lion Sanctuary, 
Gujarat (DP2a and DP3a) 
Summer 	 Winter 
Prey 	2009.2010 2010.2011 2011-2012 2009.2012 2009-2010 2010-2011 2011-2012 20094012 
Species 	No. %F No. %F No. %F 	No. '%F No. °%F No. %F No. %F No. 	%F 
42.66 75 46.88 60 41.96 196.00 43.95 
20.98 47 29.38 36 25,17 113.00 25.34 
25.87 IS 11.25 31 21.68 86.00 19.28 
0.70 - - 1.00 0,22 
I 0.70 1.00 0.22 
6.29 6 3.7 5 3.50 20.00 4.48 
- 1 0.63 • - 1.00 0.22 
0.70 - • • - 1.00 0.22 
1 0.63 - - 1.00 0.22 
1 0.63 - • 1.00 0.22 
Q70 4 2.'O I 0.70 6.00 1.35 
0.70 2 1.25 6 420 9.00 2.02 
0.70 1 0.63 3 2.10 5.00 112 
0.70 4 2.50 - - 5.00 1.12 
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Table S.7b Frequency of occurrence (A), relative biomass consumed % (D) and relative number of prey individuals consumed % (B) by 
Asiatic lion, based on 240 scats for °summer' season respectively. (DF2b) 
Prey 	 2009.2010 	2010-2011 	2011.9012 	2009-2012 
Chita) 83,75 27.45 47.34 90,00 2835 53.56 80.00 25.84 1832 199.00 27.08 32.01 
Sambar 56.25 40,40 18.89 60.00 41.41 21.21 28.75 2035 3.91 129.00 38.46 12.32 
Nilgai 31,25 24.26 10.23 28.75 21,45 9.91 36.25 27.74 4,81 79.00 25.46 7,36 
Peafowl 2.50 O49 948 • - 2,00 0.16 2,16 
Langur - 5.00 1,03 4.10 LOU 0.09 0S8 
Buffalo 3.75 3.99 1.13 5.00 5,11 1.59 22.50 2338 2,76 12.00 530 1,03 
Cow 1.25 0.95 0.41 2.50 1.83 OF • 3.00 0.95 0.28 
FH Antelope 1.25 0.31 1.16 • - - - 1.00 0,10 0.26  
Chinkara - - 0.00 0.00 
Pangolin 2.50 0.55 3.71 - 1.25 0.27 0.75 2.00 0.18 0.84 
Rodent - - - - 1,25 0.23 63.63 1.00 0.08 35.74 
Wildboar 3.75 1.07 2.60 5.00 1.37 1.65 2.50 0.70 0.70 13.00 1.54 2.56 
Civet 2.50 0.52 5.05 1.25 0.25 2.66 125 0.26 1.02 6.00 0.52 3,45 
BNHare 1.25 0.23 6.54 - - 1.00 0.08 HI 
dote: Black napped hare °'"' Four-horned antelo 
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Table 5.7o Frequency of occurrence (A), relative biomass consumed % (D) and relative number of prey individuals consumed %(E) by 
Asiatic lion, based on 231 scats for "winter" season respectively, (DP3b) 
Prey 	 2009.2010 	2010.2011 	 2011-2012 	2009.2012 
Chita) 76.25 24.64 17.17 93.75 29,91 7.13 84.51 25.33 17.35 84.85 26.66 11.22 
3ambar 37,50 2655 9.10 58.75 41,08 2,65 50.70 3330 6.18 48.92 33.68 3.84 
Nilgai 46.25 35.40 6,14 22.50 17,00 0.99 43.66 31.00 5.19 37,23 27.71 2.85 
Peafowl 1.25 124 1.92 1 0.43 0.08 0.38 
Langer - - - - - - 1.41 0,27 1,03 0.43 0,09 0,20 
Buffalo 11,25 1179 1.38 7.10 7.76 0.30 7.04 6,85 0.77 8.66 8.83 0.61 
Cow - - - 1.25 0.93 0.06 - - 0.43 0.32 0.03 
FHAntelope 1.25 0.31 0.47 - - - - - 0.43 0.10 0.09 
Chinkara - - 1,25 0.27 0.24 - - - 0.43 0.09 0.14 
Pangolin - - - 125 0,27 0.25 - - - 0.43 0.09 3.15 
Rodent 1.25 0.23 63.63 5.00 0.89 84.46 1,41 0.24 64,25 2.60 0A6 76.34 
Nildboar 1,25 0.35 0.35 250 0.70 0.23 8.45 2,21 2.13 3.90 1.07 0.63 
Civet 1,25 0.26 1.02 1.25 0.25 0.34 4.23 0.81 3.10 2.16 0.43 IN 
BN Hare 1,25 0.24 2.52 5.00 0.94 3.34 - - - 2.16 OAO 2.52 
Note: Black napped hare " Poor-homed amelop ° (-) data not available 
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le 5.8 Number of prey items, Frequency of occurrence (A), diet proportions % (F) 
Live biomass consumed % (1)) and, relative number of prey individuals consumed 
E) of different prey species in diet of common leopard as derived from scat 
.pie of whole Gir Lion Sanctuary during 2011-2012. These figures are based on 
analysis of 305 leopard scats containing 785 prey items, respectively. (2.57 prey 
is/scat). (0P2) 
Prey Species No. (A) % (F) %1D) %(E) 
Chital 269.00 87.62 34.27 24.93 1.47 
Sambar 175.00 57.00 22.29 35.58 0.57 
Nilgai 63.00 20.52 8.03 13.85 0.20 
Peafowl 3.00 0.98 0.38 0.17 0.11 
Langur 49.00 15.96 6.24 2.89 0.96 
Bird 2.00 0.65 025 0.10 1.10 
Buffalo 22.00 7.17 2.80 6.63 0.06 
Cow 19.00 6.19 2.42 4.11 0.06 
HI Antelope 3.00 0.98 0.38 0.21 0.03 
Chinkara 6.00 1.95 0.76 0.38 0.08 
Porcupine 4.00 1.30 0.51 0.24 0.08 
Pangulia 14.00 4.56 1.78 0.87 0.20 
Ratel 1.00 0.33 0.13 0.06 0.01 
Rodent 50.00 16.29 6.37 3.09 72.69 
Squirrel 11.00 3.58 1.40 0.57 15.10 
Wild boar 11.00 3.58 1.40 0.57 0.05 
Civet 34.00 11.07 4.33 2.91 0.97 
RN Hare 41.00 13.36 5.22 2.42 2.14 
Mongoose 8.00 2.61 1.02 0.44 4.14 
Note: Black napped hare --- Four-homed antelop 
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53.3 Prey selectivity 
Observed proportions of all contributory prey species in the diet of large predators 
(leopards and lions) were compared in respect to expected proportions based on 
clusters and individual densities. As per the hypothesis that prey selection or 
predation rate were influenced by the cluster densities rather than individuals, the 
cluster densities were used to predict selection. Since, there was significant evidence 
of selective predation pattern in the overall diet of prey use by leopard ()(2 = 107.02; 
d.f. = 5, p <a*),  and lion (X2 = 34.33, d.f. = 3, p <d), further information of the 
analysis were examined to conclude the selective predation pattern for each potential 
prey species (Fig 5.2 & 5.3). For overall food habit of leopards, considering cluster 
estimates of all potential prey species, chital was consumed equally with respect to its 
availability (X2= 0.09, p < a*) while sambar was utilized significantly more than its 
availability (Xz = 75.71, p < a*). Nilgai was utilized less than its availability (X2 = 
0.24, p < a*) peafowl was also utilized less than availability (Xr = 47.61, p < d*). 
Langur was consumed more than its availability (X2  8.62, p < d*) while wild boar 
was utilized than its availability (X2 = 0.38, p <4) respectively. 
On seasonal basis, leopard exhibited significant selectivity pattern of prey species for 
both seasons: summer (Xz = 137.68; d.f= 5, p <4*), and winter (Xz = 174.01, d.f= 5, 
p < n*) respectively. Chital was avoided (X1= 0.77, p = 0.51) than its availability, 
while sambar was significantly preferred (X' = 80.97, p < a*). Nilgai was preferred 
(X2 = 11.26, p = 0.002) but peafowl was avoided (X2 = 69.64, p < k*) then its 
availability. Langur was preferred (X'— 4.70, p = 0.04) while wild boar was avoided 
(X= = 0.91, p < a*) then its availability during summer season respectively. During 
winter season, chital and peafowl both prey species were avoided (X2 = 11.19, p = 
0.02), (X' = 54.53, p <a*)  then their availabilitics while significantly preferred prey 
species were sambar (X2 = 129.72, p < d*), and nilgai (X2 = 12.24, p = 0.001) 
respectively. Langur was consumed in proportion (30 = 0.001, p < d*) of its 
availability while wild boar was neither preferred nor avoided (X2 = 0.34, p < a*) 
respectively. 
In case of lion, the selectivity pattern of overall diet showed sambar (X2 = 19.17, p < 
6.*), and wild boar (X2 = 9.18, p = 0.004) were utilized more than availability. Nilgai 
was consumed in proportion (X'= 0.51, p =a*)  while chital was avoided (Xt= 24.64, 
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p = 0.0001) than its availability simultaneously. On seasonal basis, lion exhibited 
significant selectivity pattern of prey species for both seasons: summer (X= = 90.95; d. 
f — 3, p < (t*), and winter (X2= 58.69, d.f. =3, p< a•) respectively. Sambar and nilgai 
were significantly preferred during both seasons as viz. summer (X' = 43.78, p < 
and (X2 = 29.8, p < d*) and winter (X= = 18.04, p = 0.04) (X2= 24.74, p <&*). While 
chital and wild boar were avoided than their availabilities in summer and winter 
season (X2  63.70, p < &*), and (X2 — 8.01, p <_ d*) and (X2= 34.63, p = 0.0002) (X2  
4.08, p < a*) 
5.3.4 Predation pattern of large predators (leopard and lion) 
According to kill records, a total of 8 mammalian prey species were noted as kills 
made by leopards of which 6 were wild (chiral, sambar, nilgai, wild boar, langur, and 
peafowl) and 2 were livestock's (buffalo and cow ) simultaneously. Chital was 
identified as key wild prey species by constituting high proportion of diet of leopards 
and lions. Altogether, 402 kills were recorded during study period in the ISA from 
2009-2012 (Fig 5.4). Of which 328 kills were belonged to leopards and 74 kills were 
belonging to lions. Among total kills 45.43% (149) kills were made by leopards but 
overtaken by lions (Fig 5.5). 
From the predation point of view, chiral contributed most ca. 74% (299), followed by 
sambar ca. 5.4% (22), peafowl ca. 4.9% (20), langur ca. 3.7% (15), wildboar ca. 2.7% 
(11) and nilgai ca. 1.9% (8) respectively. While cattle contributed ca. 5.7% (23) of 
which ca. 2.8% (11.5) scavenging cases were found along with ca. 0.99 % (9) in 
account of unknown prey species (Fig 5.4). 
Age-wise distribution of prey species killed by large predators (leopard and lion) was 
investigated and it was found 55.18% (l8L) were of adult individuals, 18.90% (62) 
were sub-adults, 4.5% (15) yearling and 6.4% (21) were fawn. (Fig 5.5). 
While lions preferred or selected higher proportions of adult prey (65.05 % n-67), 
sub-adult with proportion of ca. 24.27% (25), yearling with proportion of ca. 6.8% (7) 
and unknown with proportion of ca. 3.88% (4) respectively. Consequently, only adult 
animals were observed and recorded to be overtaken by lions (Fig 5.5). Sex-wise 
females were selected more than males (ca. 60.45% female and 34.55. males) 
respectively (Fig 5.6). There was significant relation between age of prey (in months) 
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Figure 5.2a Comparison of observed vs. expected proportions of prey use by leopards 
using seats analysis based on cluster and individual densities of prey species during 
overall study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
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Figure 5.2b Comparison of observed vs. expected proportions of prey use by leopards 
using scats analysis based on cluster and individual densities of prey species during 
summer season in western Gir Lion Sanctuary, Gujarat. 
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Figure 5.2c Comparison of observed vs. expected proportions of prey use by leopards 
using scats analysis based on cluster and individual densities of prey species during 
winter season in western Gir Lion Sanctuary, Gujarat. 
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Figure 5.3a Comparison of observed vs. expected proportions of prey use by lions 
using scats analysis based on cluster and individual densities of prey species during 
overall study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
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using scats analysis based on cluster and individual densities of prey species during 
summer season in western Gir Lion Sanctuary, Gujarat. 
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and their number of kills for both predators: leopard (r = 0.982, p < 0.05) and for lion 
(r = 0.988, p < 0.05) respectively. 
5.3.5 Kills searched and observed by monitoring of radio-collared leopard's (MI 
and M2) 
137 kills of radio-collared leopards (see details of radio-collaring in chapter 6) were 
located belonging to the locations like Tapli, Raidy, Kadeli, Parevia, Dudhala, Pania 
Dedakdi, and Ratanguna for Ml leopard and locations like Dadhia, Valadra, 
Kamleshwar, Tadodia, Attila, and Gabiamba for M2 leopard. For Ml leopard 108 
clusters and for M2 leopard 29 clusters were investigated, and resulted in findings of 
kills. Chiral was killed by both radio collared leopards in higher proportion ca. 
82.41% (89) by Ml leopard and ca. 93.10% (27) by M2 leopard and it was a key prey 
species of the ISA (Fig 5.7). Both radio collared leopards exhibited the preference for 
adult animals (45.37%) for Ml and ca. (68.96%) for M2 RC leopard respectively. 
Sex-wise prey preference for leopards was recorded highly in favour of females (ca. 
56.48 %) for M1 and (ca. 55.17%) for M2 radio collared leopard respectively (Fig 
5.8). 
Sex-wise distribution of prey species killed by RC leopards calculated separately for 
each one. Both leopards (RC) were observed and recorded to kill more females rather 
than males. In total leopards killed ca. 39.46% (131) male prey while ca. 60.54% 
(201) female prey respectively (Fig 5.9). In terms of age factor leopards preferred to 
kill adult prey species with the weight range as an average of 45 kg followed by sub-
adult prey species (average 35 kg) and few fawns (average 4.5 kg) respectively (Fig 
5.5). 
In terms of location of kills maximum kills of MI radio collared leopard were found 
under dense thicket of Karamdi (Carrisa conjesia) and Lantana (Lantana cammn) 
and also taken to large crowned trees such as Banyan Tree (Ficus henghalensis) and 
Amli (Tamarindus indica) as well as hidden inside boulders den in river beds where 
competitors had minimum likelihood to find it. While for radio collared M2 leopard 
most of the kills were located either in river beds or hidden under beneath of litters 
(Table 5.9). 
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Figure 5.6 Sex-wise kill distribution of prey species between large predators (leopard 
and lion) during study period (2009-2012) in western Gir Lion Sanctuary, Gujarat, 
Leopards normally use kill concealing strategies and consume it in segments during 
on an average in 3 days. Tree catching was seen as an important component of 
leopards feeding behaviour. In Gir WI.S, these strategies were adopted by leopards in 
high frequency. Kill sites were also recorded in respect to vicinity to human habitation 
(henceforth referred as HH) or water points (artificial or natural). Maximum kills 
were recorded/observed in ca. <100 m of water points and within less than 600 of HI-I. 
A total of 52 fresh kills were monitored and it was found that average medium sized 
prey item was consumed 100% within three days while lions did it in a single day. 
On seasonal basis, larger (71.9%) number of prey kill made by leopard were recorded 
during summer season to winter season (18.36%) and monsoon (9.68%). Using radio 
telemetry technology, kill rates were determined and days between kills were 
calculated as every 3.7day/kill while on seasonal basis, it was every 3.3 day/kill 
during summer and at every 5.2 day/kill during winter season respectively. 
The distribution of leopard kills was recorded with respect to four major habitat types: 
TMF, TAZ, TW and RF. Leopard kills were highest in Riverine Forest (54.21% 
n=142), followed by (34.73 % n=91) kills in TMF, (8.01 % n-21) kills in TAZ and 
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(3.05 % n=8) kills in TW respectively. 59.72% (n=43) of lion kills were in RF, 
followed by ca. 25 % (n=18) in TMF, ca. 8.33 % (6) in TAZ and ca. 6.95 % (n=5) in 
TW or scrub land respectively. 
53.6 Prey preference 
The leopard preference for major prey species was computed using the Jacobs' index. 
Leopards killed chital and langur in proportion to their availabilities (JI=0.0039 and 
0.064). The peafowl and nilgai were preferred more than their availabilities (JI=-
0.745668) whereas wild boar was significantly avoided (JI=-2.2624) in comparison to 
its availability. Sambar was slightly avoided (JI— - 0.21476) (Fig 5.12). 
In case of lion prey preference, chital was utilized in proportion to its availability (II= 
-0.002046741) whereas other prey species were utilized less than their availability (JI 
scores for sambar- -0.28503; nilgai= -0,21463 and wildboar= -0.16495) respectively 
(Fig 5.13). 
Table 5.9 Summary of kill's positions of common leopard and Asiatic lion located 
during study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Predator species No. of Kills Position 
Radio collared (Ml) 20 On tree 
20 Den 
39 Under dense thicket 
8 Open 
2 River bed 
Radio collared (M2) 1 Tree 
3 Under dense thicket 
15 Open (under beneath of litters) 
10 Riverbed 
Non-radio collared leopards 43 River bed 
II Den 
32 Under dense thicket 
4 Open 
10 Tree 
Leopard-Lion 33 River bed 
Lion 23 Open 
Lion 10 River bed 
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Figure 5.7 Species-wise prey kills located through monitoring of RC leopard's (Ml 
and M2) during study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Figure 5.8 Age-wise prey kills located through monitoring of RC leopard's (MI and 
M2) during study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
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Figure 5.9 Sex-wise prey killed by RC leopard's (Ml and M2) and located using 
radio-telemetry technique during study period (2009-2012) in western Gir Lion 
Sanctuary, Gujarat. 
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Figure 5.10 Kill distributions of large predators (leopard and lion) on seasonal 
account during study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
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Figure 5.11 Habitat-wise kill distribution of large predators (leopard and lion) during 
study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Figure 5.12 Prey selection by leopard in the ISA based on searched kills or utilization 
and availability of prey species during study period (2009-2012) in western Gir Lion 
Sanctuary, Gujarat 
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Figure-5A3 Prey selection by lion in the ]SA based on searched kills or utilization and 
availability of prey species during study period (2009-2012) in western Gir Lion 
Sanctuary, Gujarat. 
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5.4 Discussion 
Generally feeding ecology of large predators appears to be greatly influenced by the 
availability and use of key prey species at a particular site (Balme et at. 2007, 
Bodendorfer & Hoppe-Dominik 2006, Chaudfiari & Khadse 2006). The present study 
attempted, in the light of earlier studies, to understand the diet composition and 
resource partitioning of two large co-existing predators (leopard and lion). A standard 
sample of scats recommended by Mukherjee et al. 1994a and followed by Than et al. 
2007 in Gir was used. It appears from data that lion and leopard killed prey in habitats 
where it was easy to catch rather than abundance of prey item as most of the prey 
species were killed in riverine forest where sufficient canopy cover assisted in prey 
killing and hunting as compared to other habitat types to stalk and hunt successively 
(Balme et al. 2007). As documented earlier (Biswas & Sankar 2002, Andheria at al. 
2007, Meena et al. 2011, Hayward et at 2006, 2007) wild ungulates dominated diet 
of both predators in Gir. 
5.4.1 Diet profiles of large predators (leopard and lion) 
Negligible differences were detected in contribution of common key prey species 
such as chital and contribution of rare species in the diet of lion and leopard 
respectively. The contribution of large prey species in the diet of both predators did 
not vary significantly during summer and winter season suggesting that both predators 
are sustained by these species and therefore it is imperative that managers pay special 
attention on maintenance of healthy prey biomass in Gir WLS. It is in this context that 
managers have to carry out some experiments and also removal of weeds such as 
Lantana camara and Cassia rota is required. A diverse brows line comprising of 
Acacia, Zizyphus spp. Balanites contribute a lot to maintain the large ungulate 
biomass and it is this browse line which has been affected due to weeds and also due 
to low regeneration. The area behind Vasador hill exemplifies this where there 
appears to be very low regeneration of browse species and browse line is almost non 
existent. It may affect large ungulate biomass in the long non adversely and it is 
desirable that corrective steps are taken timely by managers. Similarly seasonal 
contribution of smaller taxa (rodent, civet and black napped hare) to leopard diet is 
equally important in context of its large prey kills being overtaken by lions. 
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5.4.2 Prey selectivity 
Prey selectivity pattern (overall as well as seasonal) of leopard and lion clearly 
suggested that largely large wild prey items were utilized less than their availability. It 
could be due to influence of open habitat conditions which reduced prey catchability 
of ungulates. Baline el al. (2007) suggested that the reduced catchability limits the 
predation of predators on their prey (Hopecraft et at 2005). Few more important 
Factors may be responsible for this selectivity pattern i.e. consistent improvement in 
prey abundance (Andheria el al. 2007) accompanying evasive speed, and habitat 
composition (Ahmed & Khan 2008, Arivazhagan et al. 2007, Chauhan & Goyal 
2000) etc. Both predator (leopards and lions) consumed high biomass (ca. 50-60%) of 
large ungulates (70-200kgs) while medium sized (30-70kgs) prey contributed to it in 
low proportion (ca. 25-30%). Small sized prey and smaller taxa (10-30 kg and 0-
1 okg) contributed significantly (ca.7-8% and < 7%) for leopards rather than lions (ca. 
<1%) (Table 5.4 to 5.8). 
5.4.3 Niche overlap, prey diversity, and kill rates 
Lion and leopard had high dietary niche overlap and co-existence of both predator 
was only possible due partitioning of prey resources in different times and also due 
adaptability of leopard to subsist on smaller prey species as has been documented 
elsewhere (Ramesh et al. 2009, Fdgaonkar 2008, Bodcndorfer el al. 2006). It was also 
observed during continuous monitoring of radio-collared leopards (MlandM2) that 
cases of kill snatching by lions in ISA were compensated by leopard by kill escaping 
and kill hauling on trees. Availability of abundant prey species in different size 
classes, and prey activity schedule (Meena et al. 2011) along with avoidance of lion 
by leopard further contributed to co-existence of leopard and lion despite sharing 
same habitats and key prey species. leopards niche breadth was wider than lions and it 
was due to its catholic food habits with over one hundred prey species documented in 
its diet (Mills 1984, Henschel el at 2005, Hayward et at 2006) and also its ability to 
survive in varying habitat conditions. 
The diversity of prey item in leopard diet was high in Gir compared to other protected 
areas as well as in comparison of past studies of in Gir while Asiatic lions preyed on 
14 prey species. Livestock constituted small portion of leopard diet and the same was 
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due to leopard scavenging habits rather than leopard actively killing domestic 
livestock. The mean prey veight was computed relatively high for leopards (ca. 27.67 
kg) and relatively low (ca.102.22kg) threshold for lions than anywhere else (Hayward 
et al. 2006 and 2007, Henschel er al. 2005). Hayward & Kerley (2005) found that 
African lions preferentially prey upon large sized prey range between 190-550 kg 
while Bodendorfcr et al. (2006) found high predation on medium sized prey which is 
what has been documented under present study. Very few studies have effectively 
explored the kill rates of leopards. This information essentially determines how many 
leopards an area can support with a particular prey base. The overall kill rate was 
relatively high than the rates calculated by Bailey (1993, 7.2 & 7.4 days/kill) for 
leopards in the KNP and by Odden & Wegge (2009) considering preliminary records 
on leopards kill rates in Bardia National Park (5.6 days/kill). Meena at al. (2011) 
reported lions kill rate at every 4 days/kill including scavenging on dead carcasses 
respectively. The high kill rates of both predators are consequences of higher 
abundance of prey species in Gir. Leopard requires an average of 3.2 kg of meat/day 
to maintain its body mass (Bailey 1993, Stander or at 1997, Hayward clot 2006) and 
Schaller (1972) stated that in the wild, lions need an average of 6 kg of meet/day as 
per its daily requirement accordingly while Meena et al. (2011) added that a single 
lion would have to consume an average of 10 kg of meat/day respectively. Although, 
Mukherjee & Goyal (2004) reported that lions (average body mass 100 kg) need to 
consume 8.5% of meet as per their total body mass/day. 
5.4.4 Comparison of diet of large predators (leopard and lion) from past and 
other studies of different regions 
In case of comparative diet profiles of large predators (leopards and lions), the results 
of present study differ than those of past studies in Gir as well as from other areas 
(Table 5.10 & 5.13). Gir predators have exhibited tremendous changes in composition 
of diet. Joslin (1973) reported 81% contribution of livestock in lion's diet which is 
now reduced to 5.48% (present study) (Table 5.13). Dharaiya et al. (1998) reported 
diet profile of leopard with 12.50% livestock contribution which is higher than 4.86% 
(present study). 
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5.4.5 Conclusion 
The findings of present study have revealed that the both predators (leopard and lion) 
are mainly subsisting on wild large prey species such as chital, sambar and nilgai and 
the results are contrary to a general perception specially of lions in Gir that domestic 
livestock is the main dietary item of lions diet in Gir. The study also suggest that lions 
snatch away a very high percentage of kills made by leopard which is thriving in Gir 
due to its versatile adaptability and its ability to thrive on smaller prey species. On the 
contrary smaller prey species play negligible role in lion diet. Both predators had clear 
preference and avoidance for different prey species and most abundant prey items 
were utilized less than their availability. Both predators had a very high dietary 
overlap in Gir on overall as well as seasonal basis. 
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Table 5.10 A comparative study of food habit of Gir leopards from past studies. Comparisons have been made between common prey 
species found during study period (2009.2012) in western Gir Lion Sanctuary, Gujarat 
Prey species scat1305 scatl366 scat/693 
'GrWLS(%E) GirWLS(%F) GirWLS(%}) 
Chita) 34.27 27.74 28.8 
Somber 22,29 5,87 26.3 
Nilgai 8.03 3.7 1,6 
Peafowl 038 6.37 1.1 
Langur 6.24 14.28 73 
Cattle 5.22 125 2.9 
Fourhornedantelope 0.38 1.8 
Chinkara 0.76 4.6 0.2 
Porcupine 0.51 7.4 0.5 
Rodent 637 4,6 3.7 
Squirrel 1.4 4.59 Q.1 
Pangolin 1.78 
Race) 0.13 
Wild boar 1.4 4.6 3.6 
Civet 4.33 4.6 11,4 
Blacknappedhare 5.22 4.59 9.5 
Mongoose 1,02 
Source: ' ?resen study 2009.12, ➢harafya et al 1998, 'Khan e i a(, 2007 
Page 1 195 
PreySperks Utihiafliop 
Table 5,11 A comparative study of seasonal food habit of Gir lcopards from past studies. Comparisons have bcen made between common 
prey species found during studies period (2009.2012) in western Gir Lion Sanctuary, Gujarat. 
Prey 	'scatl240 Iscatl240 'seaV113 'scatl10S 3scaV199 (%F) 'scat/417 
species 	(%F) (%F) (%F) (%F) (Summer)  
Summer Miller Summer inter (Winter)  
Chita) 	38.46 38.67 23.89 24.07 27.46 29,96 
Sambar 	19.93 22.83 8.47 0.55 29.10 24.59 
Nilgai 	8.04 S.S 15.93 9,26 2,94 0.60 
Peafowl 	0,87 0,17 6.16 4.17 0.46 1,65 
Lange 	3,67 2.17 15,75 1527 10.48 5.86 
Cattle 	5.24 4.5 9.38 11.80 3.09 2.1 
Four horned Ante, 	0,17 .50 - 0.46 3.28 
Chinkara 0,17 0.33 	- - 
Porcupine 0.35 0.17 5,85 6.94 0.24 0.36 
Pangolin 1.05 - - - 
Ratel 0,13 - - - - 
Rodent 1031 9+67 - 3.61 5,55 
Wild boar 1.40 0330.33 	1085 7.41 5.22 3.85 
Civet 4.20 4,67 2.05 5,55 9.45 14.93 
Squirm 0.52 1,33 
Blocknapeed 4.55 4.83 	3,42 6.25 6.61 14,43 
hare 
Mongoose 0.87 1.00 
Source: 	Prcsmtstudy 2000.12, 2 Dharaiya of aL.r998,'Khan etad2007 
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Table 5.12 A comparative study of food habits of Gir leopards from past studies. Comparisons have been made between mmoo prey 
species found during studies period (2009-2012) in westem Gir Lion Sanctuary, Gujarat. 
Prey 	aeaf/3OS seth108 	scatlII 	seaG74 	scat1480 scat/82 	scat/111 
Species US  2Modumatai o hlundanthurai °Budhwa NagarhoIe °Sarisha 7Bandhipur 
NP TR TR 
"0(0 °%a(F) %(F) °%(F) %O °/u(F) %(p) 
Chita) 34.27 37.72 24.32 18.97 43.7 20,8 45.8 
Sambar 22.29 28.95 9 2.78 13.5 33.7 61 
Nilgai 8.03 3,7 4.46 - 5 - 
Wildboor 1.4 0,92 2.01 - 2 8.4 
Langur 6.24 17.54 8.33 1.66 2.1 10,9 9,1 
Cattle 7.02 4.63 5.08 11,9 2,3 - 
Peafowl 0.38 13.89 69 - - 
Blacknapped 1.75 355 - 1.1 1 3,S - 
here 
Pangolin 1.78 - - 
Porcupine - 139 1.1 2 - - 
Small Birds 0,25 6,72 - - 
Ratcl 0.13 - 
4RAa 038 - - OA 3.1 
Source; 'Present study 2009.12. `Ramesh at al. 2009, 'Ramkrishinan el a1,1999, "Ahmed &, Khen 2008.'Karanlh & Sunquisl,1995 
UMondal 20]] 7Mdheria eta! 2007. (Four Homed•anle(opes) 
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Table 5.13 A comparative study of seasonal food habits of Asiatic lions from past studies. Comparisons have been made between 
common prey species found during study period (2009.2012) in western Gir Dion Sanctuary, Gujarat. 
Prey species 	 2013 2008 1993 21973 
%P "%0(fl %(P) %(P) 
Chita) 	 44.58 32.3 38,8 9 
8ambar 	 25,59 	26,1 	15.4 	4.3 
Nilgai 	 18.21 	9.3 	83 	1.7 
Wildboar 	 2.01 	0 	 0 	 4 
Livestock 	 5.48 	19.9 	25,1 	81 
Source: Present study 200912,1  loslin 1973, Ravi Chellam 1993, Meena 2008, 
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Map 5.1 Distribution of kills searched in the ISA during winner season (2U09-2012) in western Gir Lion Sanctuary, Gujarat, 
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Map 5.2 Dislribulion of kills searched in the ISA during summer season (2009.2012) in weslem Gir Lion Sanctuary, Gujarat. 
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CHAPTER 6 
MOVEMENT AND RANGING PATTERN 
6.1 Introduction 
Understanding home range, territory and ranging pattern has been central to 
understanding fundamentals of ecology of many mammalian species (Norton & 
Lawson 1985, Moorcroft & Lewis 2006, Bertram 1982, Metzgar & Sheldon 1974). 
The relationship between movement and ranging pattern of an animal and spatial and 
temporal distribution of resources as well as the consequences for social organization, 
mating system and demography have all been subjects of considerable theoretical and 
empirical interest (Hansteen & Andreassen 1997, Bailey 2005). Conceptually, the 
home range is defined as an area where animals carry out their day to day activities, 
for instance prey search, mating and caring of young while territory (defended home 
range) is defined as core area of more or less exclusive use that overlaps rarely by 
intruders (Burt 1943, Powell 2000, Caro 1994, Grant etal. 1992, Mitchell & Powell 
2003). The definition of home range was later modified based on bivariate probability 
density function that gives the probability to find an animal at a particular site 
(Anderson 1982). This density function is called the `utilization function' (Jennrich & 
Turner 1969) or occupation density distribution (Altmann & Altmann 1970). 
However, further it was emphasized that home ranges should be defined only for a 
specific time period in the milieu of a dynamic environment and varying resource 
availability (Powell 2000, Imcharoen er it 2008). Home range size relates with 
several factors significantly as it may be either body size or metabolic requirements of 
the residents of the home range in a wide variety of taxa (mammals: Lindstedt et al, 
1986, McNab 1963, Harestad & Bunnell 1979, Hansen 1992). Food habit is also 
recognized in virtually among all studies as the most important factor to influence 
home range size. Large carnivores typically have larger home ranges than other 
animal (Harestad & Bunnell 1979, Gittleman & Harvey 1982, Mace et al. 1983) and 
exhibit intro sexual territoriality or maintain territories only with regard to members of 
the same sex (Sunquist 1981, Powell 2000). In many large predator's, females defend 
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food and derming sites while males defend the female resources (Sunquist 1981, 
Bailey 1993). Female home ranges on an average are smaller than male home ranges 
and often overlap slightly, while male home ranges hardly overlap. This arrangement 
probably serves to minimize survival competition (Jhala et al. 2009, Logan et at. 
1996). Contrary to this, the typical male home range overlaps several female home 
ranges, which means that a single female home range might be overlapped on 
different comers by several male home ranges (Grant et al. 1992, Logan et al. 1996). 
This arrangement facilitates breeding and helps ensure genetic mixing (Logan et al. 
1996). 
A number of studies have been carried out to study home range, territory and seasonal 
ranging pattern of lion. However these studies have been carried out in isolation. 
Considering that leopard and lion have been hypothesized to compete for space, it was 
desirable to conduct a comparative ecological study on movement pattern of both lion 
and leopard. This chapter presents the findings of studies carried out to understand 
movement pattern of leopard and lion inside the intensive study area. 
6.2. Methodology 
6.2.1 Data collection 
Radio-Telemetry was used to generate and accumulate information on home range 
estimation, movement pattern and activity schedule (Grant el al. 1992, Lindstedt 
1986, Hansteen & Andreassen 1997, Dickson & Beier 2005). Radio-collaring 
operation was completed in two steps i.e. surveys in ISA and capturing and handling 
of leopards. 
6.2.1.1 Survey of the intensive study area (ISA) 
Intensive survey of study area was carried out by monitoring of river beds, established 
animal trails, and roads monitoring at dawn and dusk to collect information regarding 
presence and absence, habitat use and distribution of large predator's (leopards and 
lions). Five months were spent in observing areas of high and low use by these 
predator species through direct and indirect evidences (e.g. Scats, kills, scraps, spoor 
etc.) to minimize time factor in leopard capturing efforts. Usually if selection and 
placement of location is not perfect it reduces capture rate specifically in case of 
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leopard being a cryptic species. Information about large predator's (leopard and lion) 
movement was collected from maldharies also who resides inside sanctuary and 
trackers to enhance chances of leopard capturing. 
6.2.1.2 Capturing, handling and marking 
Cage traps were placed at best selected locations on the basis of analyzed information 
within a few in of searched indirect evidences such as leopard scrapes, spoor, scats, 
kill sites and even well known areas for their use where leopards were sighted very 
often across trails, ridgelines, river beds and near water points etc. (Jackson 1996). 
Leopards were live-trapped using iron cage traps (3.0 feet long, 1.5 feet width) with 
four wheels and manually drop—door mechanism. In order to camouflage the iron 
cages, branches of plants like, Syzyzium cumin, Butea monosperma and Tectona 
grandis etc., were used which provided good camouflage during capturing operation. 
Cage traps were bailed with live goals. A live goat was tied with rope on the wall, 
opposite to the door of the cage. Then the wooden stick was fitted with the tip of the 
rope which blocked the half opened door, in such a way that when a goat was pushed 
forcibly, the stick loosened up and the door automatically fell down. The door of the 
cage was kept open up to the height at which leopard could easily enter. The recorded 
calls of the goat were also used to attract the leopards. The trapping operation with 6-
7 cages per night was operated for 5 days from June 61h  to 10 t` 2009 on preselected 
locations. The cage traps settled with bait early evening (between 04:00 to 05:00pm) 
at dusk and checked at early morning (between 05:30 to 07:30am). A domestic goat 
was used as bait throughout the trapping operation except one night efforts where one 
sub-adult female nilgai carcass was searched and used as bait. Nilgai was freshly 
killed which indicated more possibilities of leopard capturing. Keeping this in mind 
one cage trap was placed at the same location at few in away of the kill site but 
carcass was placed in cage trap and direction from exact kill site to the cage trap was 
hinted by carcass smell through carcass dragging strategy. On same night one male 
leopard was captured at Pilipat area. Normally bait was kept in the evening and it was 
removed on the next morning after inspection. During three trap nights at three 
trapping occasion, lionesses entered in cage traps which reduced the chances of 
getting success. At one site 'Kairamba area' near head quarter of the forest the 
leopard had stolen the offered bait vary stealthy from cage trap and avoided chances 
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of being trapped. Alter consistent efforts during whole operation period three male 
leopards were trapped at best selected sites such as Pilipat Area, Valadra Area and 
Panchali Area within ISA. Details of trapping nights are shown in Appendix I. Of 
three leopards two were found to be healthy and both were radio-collared while one 
leopard was found to be old with poor health (Panchali leopard) and was released 
back. Both captured leopards (male I from Pilipat and male 2 from Valadara) were 
immobilized in the cage traps with free hand darting by a Blowpipe. Anesthetics were 
administered intramuscularly in the hind quarters using Ketamine Hydrochloride and 
Xylazine with measurement of 100mglml for each one in ratio as 3mg/kg+l mg/kg 
considering a normal doze to tranquilize the leopard according to the estimated body 
mass (Land el al. 2007). Tranquilized leopards were examined for general body 
condition, measured and photographed. Temperature and respiration rate were 
monitored. Age of the captured leopards were classified as young, sub-adult, adult, 
old adult based on indicators such as weight, tooth wear, gum recession, wear on 
pads, pelage, scarring, body size, and reproductive condition (Bailey 2005, Marker & 
Dickman 2005, Lindstedt et al. 1986). During the examination both leopards were 
marked with electronic chip for records. 
Both leopards were fitted with a standard VHF radio collar equipped with a "C" cell 
lithium battery with life expectancy of 36 months (Telonics, inc., Mesa, AZ USA). 
The collars weights were <1% of the body weight of the leopards (Marker & Dickman 
2005). Reverzine (Yohimbine) was given with combination of lmlJkg for revival of 
each leopard and animals were revived within 8-10 minutes. For ease of 
identification, leopards were given identifying "names' (e.g. Ml for Pilipat male and 
M2 for Valadara male) that corresponded to sex and place of capture. Collared 
leopards were kept under observation until the animals were released. The capturing 
and handling of leopards was done under guidance of DCF, Wildlife Division, Sasan 
Gir, Gujarat and Department of Wildlife Sciences, Aligarh Muslim University. 
Collaring operation for MI leopard was completed in one hour where equal time was 
taken by M2 collaring operation. 
6.2.1.3 Collection of GPS coordinates through radio-telemetry 
Both radio collared male leopards were located daily in morning (summer 06:00 to 
12:00hrs, winter 08:00 to 12:00 his) and evening (summer 04:00 to 07:30 his and 
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winter 03:00 to 05:30 hrs) and few days for 12 hours during day time to locate and 
record whole diurnal activities (Imcharoen et at 2008, Wong et a1. 2004). The exact 
location of the leopard was pinpointed through crosscheck from two or more locations 
whereby the signal was beeped from two or more directions by a single observer 
(Nazneen Zehra). The clarity of the signals was sometimes affected by terrain, hills 
and boulder dens which bounced the signal in false d irections. All locations were 
obtained during day primarily by homing in and sighting the leopards. A GPS 
coordinates from the clusters were used to navigate the potential resting sites specially 
areas of dense thickets which were crossed checked on foot to a diameter of 40-50 m 
(i.e. the size of the identified cluster), following Crawshaw & Quigley (1991) study 
where radius of 150 m was used to find accurate home range size of jaguar. Whole 
telemetry work was done from the ground either using a four wheel drive, or on foot 
using 7elonics TR-4 receiver and a hand held rubber ducky "H" directional antenna 
(Telonics Incorporated, Mesa, AZ, USA ) (Hansteen & Andreassen 1997, imcharoen 
et at 2008). Once the location of the leopard was confirmed a hand held GPS unit 
was used to record its coordinates. 
The smooth signal frequencies were followed consistently to reach to exact location 
of leopards. When signal beeps were very strong, the area was searched carefully for 
leopard presence. When "H" antenna cached signals without cable, the location of 
radio-collared leopard was assumed to be within <100 m (Dickson & Beier 2005, 
Bailey 2005). Sometimes leopards were followed for couple of hours but could not be 
tracked at exact location because of their speedy, stealthy and cunning movement. If, 
leopard was located either on kill site then avoided to follow and Iocations were 
recorded later when he left the site. If he was tracked in mating pair then they were 
followed stealthily and quietly without creating any disturbance. Many occasions of 
mating pair sightings were observed including unknown leopard pairs. Of those 6 
observations belonged to radio collared leopard (Ml) were observed and recorded. 
The records were maintained in two steps; first step was recorded in terms of pre or 
post mating behaviour (e.g. wandering together, sharing kill, resting and moved 
apart), the second step was recorded in terms of mating schedule (e.g. duration of 
mounting, frequency of mounting, and gap interval between mounting attempts). The 
attention was also paid on behaviour of female vs. male. To account landscape 
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ecology topographical features were recorded along with each location such as 
dissected, moderately dissected, highly dissected and plain (Dickson & Beier 2005). 
Leopard activities, either sedentary or active, were recorded along with each GPS 
location (Jenny & Zuberbuhler 2005, Thomas et al. 2005). Leopards occasionally 
were able to move with enough stealth to not trigger the motion sensor. In those 
instances the change in signal strength as the radio collar moved through signal-
blocking obstacles indicated about leopard is active despite sedentary pulse rate. 
When radio collared leopards observed visually for an extended period it was found 
that actual activity corresponded well with telemetry data (McCarthy et al. 2005). 
Although data on lion's movement and ranging pattern was collected through regular 
monitoring of lion prides in the ISA as they are renowned as social carnivores. Prides 
were located alternatively by pug mark tracking and continuous visual monitoring of 
lion paths (Roads and trails) each day in early dawn and dusk with GPS co-ordinates. 
Supplementary information like activity pattern and sociality was also recorded alike 
leopards. 
6.2.2 Data analysis 
Animal home ranges are traditionally categorized or analyzed using a variety of 
statistical models (Macdonald et at 1980). However most of the wildlife biologists 
have used minimum convex polygon method (MCP) in their studies (Mohr 1947, 
Schoener 1981, Jennrich & Turner 1969). It represents smallest convex polygon 
containing all the observed locations and the area within this polygon is the estimated 
home range size with simplicity (Anderson 1982, Crawshaw & Quigley 1991). 
Density estimation models, such as the bivariate normal (Jennrich & Turner 1969), 
harmonic mean (Dixon & Chapman 1980) and Kernel (Warren 1989) models, provide 
more detailed information, characterizing the relative intensity of space use in form of 
probability density function (PDF), sometimes referred as utilization distribution 
(UD). While these statistical methods can provide useful descriptions of home range 
data as they are of little theoretical or predictive value because they have no 
mechanistic basis underlying their descriptions of space use. The data sample of 
collected locations was analyzed in standardized manner. All locations were sorted on 
seasonal and annual basis and later merged for overall duration to calculate area use 
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by focused predators. Locations were plotted on study area map with UTM 
coordinates. 
All locations or points in HRs were recognized for pattern in grid squares and 
associations between them were tested using spatial association method. Nearest 
Neighbor-Dispersion analysis was used to recognize the location/point pattern in 
respect to landscape and with the points itself during predator's movement. 
Movement and ranging pattern of radio collared leopards and lion prides were 
calculated and measured using two type of methods viz, circular and linear statistics 
on angular and directional changes on overall, seasonal (e.g. summer, monsoon, and 
winter) and annual accounts using Rayleigh's Test and Run test. In case of leopards, 
annual home ranges were calculated for all three years duration separately with list of 
sufficient data sets to calculate overall home range area of use during three years of 
study period (2009-2012) while lion prides were monitored in combination of 
leopards for two years (2009-2011) because either individuals were dispersed from 
the prides (fission) or prides were dispersed from the ISA. Each pride was provided 
an ID as P1, P2, P3 and P4 for convenience to maintain records. While location data 
were used to measure diurnal movement pattern of large predator's (leopard and lion) 
and their association to nearest water points (AWP and NW?) and human settlements 
were calculated. 
Activity patterns of radio collared leopards were recorded manually from dawn to 
dusk through continuous tracking of 10-12 days during one month of the season. 
Using criteria of Beier & McCullough (1988), the signal frequency and strength was 
scored manually as active or inactive during tracking period. Activity rate was 
calculated by dividing the number of active times by the total number of times for 
each leopard of interest. Only data from one leopard (Ml) were sufficient to analyze 
monthly activity rate from May 2009 to August 2012. In case of mating activity it was 
divided in three important phases to obtain reliable information. Descriptive statistics 
was used to calculate duration and interval between mountings. 
Home range sizes were calculated using minimum convex polygon (henceforth 
referred as MCP) and Kernel methods. A 100% simple MCPs of focused predators 
were calculated on seasonal, annual and overall accounts. And the MCP method 
associated with 100%, 95%, 75% and 50% locations data calculations. Similarly 95% 
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kernel fixed and kernel adaptive home ranges were calculated in contrast of MCP and 
associated with 95%, 75%, and 50% data calculations. Standardized default value of 
band width (H) including 0.5 sensitivity were used for home range calculations in 
adaptive kernel method. Kernel I-1R's were drawn using least square cross validation 
approach and the density of area use represented graphically. Area overlaps between 
adjacent home ranges was computed as the average proportion of overlap between 
two inter and intra specific home ranges. An area-observation curve is useful for 
identifying minimum location numbers for home range of focused predator was 
calculated and graphed. Paired and unpaired tests were used to test annual and 
seasonal differences in liRs of selected lion prides and radio-collared leopards in the 
ISA. Topographical features were examined throughout the HR of RC leopards (Ml 
and M2) for overall terrain use pattern. Comparisons of calculated home ranges sizes 
(100% MCP) under present study were restricted to those studies that had also been 
calculated using same method worldwide. 
Spearman's rho correlation was used to assess relationship between average HR size 
of male leopards with observed and recorded bedding sites, found kills of adult 
ungulates and leopards averaged body mass during study period. 
While lion's male average HR size was correlated with only average body mass as the 
number of large kills made by lions were not sufficient to test significance of this 
strategy. LOAS and Biotas (ecological software solutions, 2000) were used to analyze 
radio telemetry data (Scognamillo et al. 2003). Statistical analysis was performed 
using SPSS (version 11.0, SPSS Inc. Chicago, USA) computer program. 
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Plate 6.1 Tranquilized leopards and their phNsical observation during radio-collaring 
operation 2009 in western Gir Lion Sanctuary. Gujarat. 
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Plate 6.2 Tranquilized leopard (Male) is being radio- collared during 2009 in western 
(iir Lion Sanctuary. Gujarat. 
Page 1 210 
%fovement and Ranging Paik'rn 
1 
Plate 6.3 Completion of Radio-collaring operation successfull} and revival of leopard 
during 2009. 
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Plate 6.4 Radio tracking of radio-collared leopard by researcher (Nazneen 
Zehra) in western (ir Lion Sanctuary, Gujarat. 
Plate 6.5 Radio collared leopard Ml tracked in mating pair. 
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Plate 6.6 Snap shot of mating pairs of* large predator's in western Gir Lion Sanctuary, 
Gujarat. a) Leopard mating pair at Khodiyar Mandir &, b) lion mating pair at Parevia 
area. (Photo by Dr. Sandeep Kumar IFS & Nazneen Zehra. 
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6.3 Results 
6.3.1 Radio collaring of leopards 
Two adult male leopards (MI and M2) were captured during 6-7 trap/nights. Success 
of leopard capturing was extremely [ow (1 leopard /4-5 nights). Physical parameters 
and other capture information's of both leopards (Ml and M2) are presented in Table 
6.1 in form of healthy and young identifies. Leopard Ml was tracked or monitored for 
longer period from June 2009 to March 2012 as per functional performance of radio-
collar (CH 06, 164.060MHz) butRC leopard M2 could have not been tracked for such 
a long period because of malfunctioning of radio-collar in June 2010 (Radio collar 
(CH 12, 164.120MHz). He was monitored for one year (2009-10) to generate 
telemetry data. 
Few visually recognized lion prides were monitored for HR and movement pattern. 
These lion prides were containing individuals of different age as well sizes. 
Information regarding pride structures is presented in Table 6.2. 
6.3.2 Total collection of telemetry locations 
Through diurnal monitoring, a total of 552 locations (henceforth represented as CPS 
co-ordinates) were recorded during tracking of MI RC leopard for three years period 
from 2009-2012, and about 150 locations were recorded during tracking of M2 RC 
leopard for one year period from 2009-2010. About 99 GPS co-ordinates of Ml RC 
leopard and 51 GPS co-ordinates of M2 RC leopard were excluded from the matrix 
because of some error. Of that 453 GPS co-ordinates of MI RC leopard and 99 GPS 
co-ordinates of M2 RC leopard were plotted on ISA map for HR estimation. 
For lions about 400 locations were recorded during continuous observational 
monitoring from 2009.2011. Of which about 119 GPS coordinates were excluded for 
having some error and few for repetitions (Fig. 6.1). 
633 Movement pattern, activity schedule and bedding sites 
Movement of large predator's (leopard and lion) was characterized by circular and 
linear movement pattern criss-crossing entire ranges through rapid movements 
forward and backward to use requiring area (Fig 6.3). Circular movements have 
represented directional degree angles on a range from 0 a -360 a over time while linear 
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movements were considered as changes in directions as left turn versus right turn 
(Table 6.3). In case of RC leopard Ml about 509 directional angles were counted to 
use requiring area for overall HR while on seasonal basis minimum directional angles 
(100) were counted to use requiring area of DR during winter season and maximum 
directional angles (261) were counted to use requiring area of HR during monsoon 
season while an average directional angles (145) were counted to use requiring area of 
HR during summer season respectively. On annual accounts, directional angles were 
counted as minimum 56 and maximum 246 during three years of the radio-tracking 
(Table: 6.3). When one year data (2009-10) of both RC leopards were compared for 
intensity of use of HR area than it was found that M2 RC leopard patrolled his 
requiring HR area with low intensity as relatively minimum directional angles (40) 
were calculated for M2 RC leopard in comparison of MI RC leopard where he used 
56 directional angles respectively (Table 6.3). 
In ease of lion, Males Pair 1-IR was intensively patrolled with relatively maximum 
directional angles (64) rather than other lion prides containing individual from sub-
adults to cubs (Table 6.3). Rayleigh's test detected no-significant difference between 
observed and expected mean use of circular changes during movement patterns of 
leopards and lion prides which demonstrated that data is randomly distributed around 
the circles (Table 6.3). Run test calculated successive left turn versus right turn linear 
directional changes moved averagely. In case of RC leopard Ml exhibited statistically 
significant difference in use of observed linear directional changes moved averagely 
than expected by chance. On seasonal basis, winter and summer seasons showed 
statistically significant difference in use of observed linear directional changes more 
than expected by chance while it racked significance during monsoon season 
respectively. M2 RC leopard showed no significant difference in use of observed 
linear directional changes more than expected by chance for overall movement (Table 
6.3). 
Lion prides (Male pair, Lion Pl and P2 prides) showed no significant difference in 
use of observed linear directional changes more than expected by chance (Table 6.3). 
Activity pattern was calculated only for radio collared leopards. Diurnal activity 
pattern was recorded since leopards were radio collared. A total of 234 UPS co-
ordinates were recorded during continuous radio-tracking relating to activities. Of 
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that ca. 65% activities were recorded for continuous movement or traveling, oa 14% 
for mate pairing, ca 14% on kills, only ca 7% on hunting. Activities of RC leopard 
Ml started in early morning before sun rise 05:30 hrs and remained active till 10:00 
hrs. The activity level declined slightly from 10:OOhrs to 14:O0hrs and remained non-
active between 14:00 hrs to 16:00 hrs to escape from hot hours of the day. Since 
weather became to normal, the activity pattern again accelerated and reached to high 
peak from late evening and remained highly active throughout the whole night. The 
level of activity such as moving remained high during early morning and late evening. 
Between 09:00 hrs to 16:00 hrs activity pattern was almost non-active either spending 
time in resting under dense thicket of Karamdi (Carrisa conjesta), or lantana 
(Lantana carnara) inside boulder den or sleeping and resting on tree. Onwards 17:00 
hrs activity level peaked high by following searching of prey or for hunting purpose 
etc. (Fig 6.5). In spite of that, leopard's diurnal activity schedule was significantly 
related to seasonal effects as during summer season leopards were observed less 
active in comparison to monsoon and winter seasons. Seasonal diurnal activity rates 
were calculated ca. 0.55/day during summer season, ca .0.7/day during monsoon 
season whilst highest ca. 0.87/day during winter season respectively. And instead of 
it, overall diurnal activity rate was calculated ca. 0.66/day respectively. 
Radio-collared leopard (MI) was observed to be a dominating male in its home range 
on overall and seasonal basis and all mating pair sightings were done by homing in on 
the animal. According to collected data, maximum mating sightings (GPS-
coordinates)- ca. 60% were recorded in monsoon season whereas ca. 22% mating 
sightings (GPSco ordinates) were recorded in summer season followed by winter 
season with ca 18% mating sightings (01'S-coordinates) simultaneously (Fig 6.6). 
On monthly basis, highest mating pair sightings were recorded in the month of August 
(10) and November (9). The mating pair sightings were as thilows in other months: 
July (7), September (8) and October (5) (Fig 6.6). During monsoon season, about 
thirty nine leopard sightings out of 45 were recorded in mating pair with radio 
collared male which suggest that the radio collared leopard was dominant male in the 
area. Among total sightings, 5 sightings were observed and recorded with clear 
information of mountings. During mating schedule, mounting of male (Ml) lasted at 
an average of 3.0 seconds. The average gap interval between two mountings was 
recorded as 6.13 minutes±l.7 S.D. respectively (Table 6.5). Throughout all the 
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observations, the pair rested within a few meters (cal-3m) of each other between 
mountings. Number of mounting varied between 100 -140 times a day and mating 
lasted on an average 3.5 days (2-5) respectively. 
Leopards were observed to use two-three types of bedding sites such as under dense 
thicket of bushy vegetation such as karamda, (Carissa congesta), lantana, (Lantama 
camara) marvelo etc., inside of big boulder dens in riverine beds, and on branches of 
trees and rarely found when resting in open area. Within the overall home range, the 
Ml RC leopard was tracked maximum time to use bushy vegetation as bedding site 
ca 34 times, this followed by branches of trees as second preferable bedding site ca. 
20 times. High hill and open area were used seldom as bedding sites ca 3 times in 
open area and ca4 times on hill (Panchali) simultaneously. The use of these bedding 
sites was positively and significantly correlated with the size of overall home range of 
the RC leopard Ml (rt ) = 1.000, p < d**) (Table 6.7). In case of lions activity pattern 
and bedding sites data were not calculated as during day time mostly lions were 
sedentary. 
Spatial associations between grid squares which compared presence and absence of 
each predator species (leopard and lion) in each grid square were found statistically 
non-significant which detected by chance alone (a statistical type two error). Test 
values for each predator (leopard and lion) are presented in Table 6.4. Nearest 
Neighbor - Dispersion analysis exhibited random and cluster patterns of points in 
respect to used terrain and with the points itself during leopards and lions movements 
and have visually indicated the point density by adjusting grid square colors, For RC 
leopard Ml, the statistically significant difference was observed between calculated 
and expected mean distances (henceforth reported as CMD and EMD) in points which 
were distributed completely in cluster patterns on seasonal basis while overall point 
pattern exhibited completely random pattern of points. For RC leopard M2, the 
statistically non-significant difference was observed between calculated and expected 
mean distances (CMD ? EMD) in points distributed in completely random pattern 
(Table 6.5). 
In case of lion, Male Pair represented completely cluster pattern of points with 
significant difference between CMD and EMD for overall movement, pride P1 
represented completely random patterns of points with statistical significance between 
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CMD and EMD on seasonal basis (summer and winter) while for overall period 
points exhibited in completely cluster pattern with statistical significance between 
CNM and EMD during movement. Pride P2 represented completely cluster pattern of 
points with statistical significance between CMT) and EMI) during summer and 
overall movements respectively while it was not significant in winter season. Pride P3 
and P4 This information on points pattern was not available for pride P3 and P4 due 
to limited GPS-coordinates as maximum locations were overlapping at a point during 
Summer 	Winter 	Total 
Season 
Figure 6.1 Number of UPS co-ordinates recorded during tracking of large predators 
(leopard and lion) in the ISA in western Gir Lion Sanctuary, Gujarat 
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Table 6.1 Physical paramelers and capture information of radio-collared leopards during 2009.20I0 in western Gu lion sanctuary, 
Gujarat, 
Leopard 
Capturing Age Total Total Tail Height Neck 
no. Year 
area & Health 	Hass Length Length at Circumference 
Sex (kg) (m) (cm) Shoulder (cm) 
June 11 	Pilipat 
Ml Healthy 	54 25 91 76 46 P I 2009 
92 June Ill 	Yeladra 
A1 Healthy 	52 2.5 SS 73 46 
2009 
Table 6.2 Lion prides with IDs and their pride structures in lerms of age & sex. Information was recorded from 2009.2011 in the ISA of 
western Gir Lion Sanctuary, Gujarat, 
Lions Pride 	Total uduiuluaI 	Age & sex structure 	 Note 
We pair 	2 	 Old adult males Both were roaming together 
Pride Pl 	4 2 adult females, 2 sub-adull females 	
Occupying same HR 
PddeP2 	7 	 3 adultimales, 3 cubs, I sub•adult female 
Pride P3 	I 1 adult female 	 Occupying partially 
Pride P4 	1 	 1 adultmalc overlapped HR 
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Table 6.3 Movement pattern of large predators (leopard and lion) assessed by radioaracking during study period. Circular statistics is 
representing mean directional changes in a circle and linear statistics is representing linear directional changes moved averagely in their day 
today ecological and biological activities in weslem Or Lion Sanctuary, Gujarat. 
Circular 
statistics 
Linear 
statistics 
Predator Seasool ear 4u k count "R" p "IC' 
M1 RC Leopard Winter 100 0.066. 0.646 >ã 3.01 <¢ 
Monsoon 261 0.024 0.863 >a -0.31>6 
Summer 145 0.1 0235 >a 2.93<a 
2009.2012(Ouerall) 509 0,037 0.506>6 5.01<6 
2009.2010 56 0,035 0933> 6 1.2 > 
2010.2011 247 0.103 0.074>6 -0.16>6 
2011.2012 204 0.06 0.763 > 6 0.03>6 
M2 RC Leopard 2009.2010 40 OA65 0,845 > a -1.16> a 
Lion Male Pair 2009.2011 64 0,084 0,637> a 
Lion PI He 2009.2011 40 0.044 0.924>a 1.1 I> 
lion P1 He 2009-2011 38 0,053 0.899>a 1.15>6 
Lion P3 & P4Pride 2009-2010 17 0103 a.34>á -0.28> a 
Note: "R"=Rayl¢iph'sTes ReMI T= Runs TzIResrh,k=0,05level 
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Figure 6.2 Mean linear distances (km) between two consecutive points from centre of 
the HR of MI RC leopard and their contour lines during study period (2009-2012) in 
western Gir Lion Sanctuary, Gujarat. 
Movement and Ranging Pattern 
a) RC Leopard (Ml) (2009-2012) 
b) rvfafe Pair lion (2009-2011) 
c) Lion Pride P1(2009-201!) 	d) Lion Pride P2 (2009-2011) 
Figure 6.3 Vector plots of mean linear distances and directional movement pattern 
between two consecutive points dispersed by large predators (leopard and lion) during 
study period (2009-2012) in western Gir Lion Sanctuary, Gujarat. 
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Table 64 Spatial associations betwEen grid squares which compare presence and absence of difftrem point patterns of each predator 
(leopard and lion) in each grid square. (Multivariale test), 
Predators 	Seasonlyear 	"W" 	Lower X"•probability Upper X2 prolhability 	Sig. 
Ml RC Leopard Winter 81 57.99 107.18 
Monsoon 210 171.76 252.03 
Summer 110 82,867 140.92 
2009-2012 
380 327.88 435.9 
(Overall) 
2009.10 48 30,75 69,02 
2010.11 182 146.53 221,25 
2011-12 168 134.003 205.762 
M2 RC Leopard 2W9.10 42 15,99 61.78 	 p>0.OS 
Lion Male Pair 2009.11 63 42.95 86.83 
Lion PI Pride Summer 24 12.4 39,36 
Winter 30 16,25 4698 
2009.11 40 24.43 59.34 
Lion P2 Pride Summer 30 16.791 46,979 
Winter 14 5.63 26.12 
2009•I1 30 16,79 46,98 
Lion P3 &P4Pride 200949 16 6.91 28.84 
Nine: j = Schuha leas value (1984). 
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Table 6.5 Density binning of point pat ems in each grid square which comparc the locations of points relative to each other in terms of 
dis ances. 
Mean Distance 
Predators Season/year Distance  S.D. EMI) Z-Seore Significance Fulcra 
M1 RC Leopard Winter 114,95 11.83 210,05 -6.04 p<0.05 cluster 
Monsoon 11458 7.73 188,U2 -9.5 p<0.05 cluster 
Summer 812) 6,76 146,68 -9,66 p<0.05 cluster 
2009-12 (Dverall) 329.54 27.25 361.81 -1.18 p>0.05 random 
2009.10 7131 3,8 144.54 -1929 p<0.05 cluster 
2010-11 10944 8.03 188.01 •9.78 p>0,05 random 
2011.12 42.73 5.53 144.09 -1833 p<0,05 cluster 
M2 RC Leopard 2009-10 336,06 3392 339.92 	' •1.53 p>0.05 random 
Lion Male Pair 2009.11 23,88 26.51 12,71 -14,67 p1.05 cluster 
LionPIPride Summer 546.68 91.42 704.81 -1.73 p>0M5 random 
Winter 461.54 91.75 707.6 •2.68 p>0.05 random 
2009-II 89.56 43.77 485.67 •9.05 p1,05 cluster 
Lion P2 Pride Summer 410.29 60,04 531.52 •2.02 p<0A9 cluster 
Winter 370.54 67,62 404.44 -0.5 p>0.05 random 
2009-11 306.52 439.98 -3,32 p<O.OS cluster 
Lion P3 
&P4Pride 2009-10 478.02 86.56 572.03 -1.02 p>0.05 random 
E\1n= EsjCeted Mean fstanca, S.D =Standard 
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MI: RC LeopardSwvmer 	Ml: RC Leopard-Monsoon 	
Ml: RC Leopard-Winter 
M2: RC Leopard-2009-2010 Lion Male Pair. 2009-20L I 
•uLon oans 
rniwAwrjNuuI 
NON_ _o 
Lioa Pride P2:2009-2011 	Lion Pride P3 & 4: 2009-2011 
Figure 6.4 Density binning and spatial association of point patterns in square grids 
which exhibits use of an area. Number of points fallen in each grid square have been 
summed and grid square colour is adjusted to visually indicate the pattern of use of an 
area by large predators (leopard and lion) in western Gir Lion Sanctuary, Gujarat. 
The pattern of grid use in decreasing order is as yellow grids< dark yellow or orange 
grids< purple grids. 
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Figure 6.5 Activity schedule (mean of active records) of RC leopards (P. pardus 
fuska) in relation to time of the day during study period (2009-2012) in western Gir 
Lion Sanctuary, Gujarat. 
Table 6.6 Mating records of leopard (Panthera pardus fuska) maintained during study 
period (2009-2011) in western Gir Lion Sanctuary Gujarat. Duration of 22 clearly 
observed mountings timed with stop watch and interval between mountings. 
Mean Variance S.D Range N 
Duration of mounting 3.Os 	0.6 	±0.8 	2-4s 	18 
Interval between 	6.1 min 	2.91 +1.7 	3-10 min 	77 
mountings 
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Figure 6.6 Mating schedule of leopard: a) on seasonal account, b) on monthly basis, 
c) schedule of radio-collared leopard on monthly basis (Top to bottom). 
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6.3.4 Home range estimation 
Home range sizes of large predator's (leopards and lions) were calculated using MCP, 
and Kernel methods on seasonal, annual as well as overall accounts. Using MCP 
method, seasonal home range pattern of Ml RC leopard was as follows: winter > 
Monsoon > Summer during 2009-2010, Summer > Monsoon > Winter during 2010-
2011, and Monsoon > Winter> Summer during 2011-2012 respectively. 
The pattern of overall seasonal home ranges was as follows: monsoon > winter > 
summer season while monsoon HR was approximately similar to the pattern of 2010-
2011 and 2011-2012 respectively. In contrast to similar seasonal I-IRs of Ml RC 
leopard during three years of period, the pattern resulted as 2010-2011 >2011-2012>  
2009-2010 for summer season, 2011-2012 > 2009-2010 > 2010-2011 for monsoon 
season, and 2009-2010 > 2011-2012 > 2010-2011 for winter season respectively. 
Annual home range pattern of Ml RC leopard using three years of data was as 2009-
2010> 2011-2012 > 2010-2011 (Table 6.6). 
For M2 RC leopard the telemetry data were collected only for 2009-2010 due to mal-
functioning of radio-collar. The seasonal home range pattern was as follows summer 
< monsoon > winter which was approximately similar to the home range pattern of 
RC leopard (Ml) during 2009-10 (Table 6.7). 
Comparison of Ml and M2 leopard home ranges in terms of size expansion under 
seasonal influence during 2009-2010, the seasonal home ranges of M2 leopard were 
large during summer season (M2 HR> MI HR), smaller during monsoon and winter 
season (M2 HR < Ml HR) respectively. Although, in comparison of annual home 
ranges Ml and M2 leopards, it resulted small home range for M2 RC leopard rather 
than Ml RC leopard during study period of one year (2009-2010) respectively. 
The pattern of seasonal home ranges of M2 RC leopard was ascertained in varying 
shape and sizes respectively same as Ml RC leopard. Using Kernel method the sizes 
of HRs at 95% points were calculated in varying sizes from MCP at 95% points. For 
RC leopard (Ml) the overall HR pattern was represented as Fixed KM HR size > 
MCP HR size > Adaptive KM HR size. On seasonal accounts HR pattern was 
represented as Fixed KM HR size a Adaptive KM HR size > MCP HI1 size during 
summer season, Fixed KM HR size > Adaptive KM HR size > MCP HR size during 
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monsoon and winter for each season respectively. While the overall HR pattern of RC 
leopard (M2) was exhibited as Fixed KM HR size > Adaptive KM 1-1R size > MCP 
HR size. On seasonal accounts, HR size was exhibited as Adaptive KM HR size > 
Fixed KM HR size > MCP FIR size during each season in same pattern (Table 6.6 & 
6.7). 
In case of lion, males pair exhibited relatively largest HRs than other prides 
containing cubs to sub-adult individuals (Table. 6.8). The pattern was exhibited as 
Mail Pair Pride HR> P1 Pride HR> P2 Pride HR >- P3 and P4 Pride HR respectively 
(Map 6.4 & 6.5). Using kernel method, the status of FIR sizes was exhibited as MCP 
I-IR size> Fixed KM HR size > Adaptive KM HR size, while on seasonal accounts, it 
was exhibited as same as overall account. For Pl pride the overall HR size pattern 
was exhibited as Adaptive KM HR size > MCP HR size > Fixed KM HR size while 
on seasonal accounts it was as MCP HR size > Fixed KM HR size > Adaptive KM 
I-IR size during summer and winter seasons respectively. For lion pride P2 the HR 
size was exhibited in similar pattern in accounts of overall and seasonal summer 
season as Fixed KM HR size > Adaptive KM HR size> MCP HR size whilst it was 
drown varyingly during winter season as Adaptive KM HR size> Fixed KM HR size 
> MCP HR size. And for lion pride P3 and P4 pattern of I-IR sizes was drawn as Fixed 
KM HR size > MCP HR size > Adaptive KM HR size respectively. Comparative data 
on combination of HRs point's percentage (%) is presented in Table 6.8. 
Paired sample test detected significant difference between seasonal leis between 
monsoon-summer seasons, and between winter-summer seasons (Wilcoxon Signed 
Ranks Test, Z = 1.069, p < at for each one) respectively, while it was not detected 
significant between HRs of winter-monsoon seasons. Seasonal Hits of RC leopard 
MI differed significantly from seasonal HRs of RC leopard M2 (Man-Whitney Z3&,3 = 
- 2.520, p < Q*) respectively. Overall home ranges of MI RC leopard differed 
significantly from home ranges of lions prides occupying the same area (Man-
Whitney U test; Z 3 (Ml and lions "M" pair) _ - 1.944, p < h", Z4&3 (M] and lions 
pride P1) _ - 1.962, p < a*, Z. (MI and lions pride P2) _ - 1.237, p < d*) 
respectively. 
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6.3.5 Home range overlaps 
Home range overlaps were drawn and core areas of high use of leopard and lions were 
identified using collected telemetry data. Ml RC leopard used ca. 6 km2 area as core 
zone of the IIRs consistently from 2009-2012 throughout the study period with two 
artificial and one natural water source along with one maldhari ness (Kadeli ness) 
(Map 6.1). Seasonally, the home ranges (summer, monsoon, and winter) of M1 RC 
leopard were overlapped together with core zone of ca. 10.5 km2 and represented ca. 
42.05% of the total used area with 3 artificial and one natural water resources plus 
extensive road network along with two maldhari ness (Kadeli ness and Dudhala ness) 
(Map 6.2) and M2 RC leopard used overlapping area ca. 37.50% of the total HRs 
containing all three seasons (summer, monsoon, and winter). In case of overlapping 
between HRs of RC leopards (Ml) and lion prides (Male Pair, Pride P1 and P2) which 
were occupying same area and habitats together used ca 5 Km' area as a shared or 
overlapped area of their HRs which was ca 11.2% of the total used area for overall 
period. When HR of RC leopard Ml was compared with each lion prides individually, 
the area shared or overlapped by two competitors was ca. 14.85% between RC 
leopard Ml and lion male pride, ca 16.85% between Ml and lion pride Pt, ca. 22% 
between Ml and lion pride P2 of the total used HR area with survival accessories like 
12 artificial water points, 7 natural water points and 2 maldhari nesses. 
RC Leopard M2 and lion prides P3 and P4 occupied and shared 4.5 Km2area together 
which was ca. 23.38% of the total used 1-1R area with 1 artificial water hole, 4 natural 
water holes and 3 maldhari nesses throughout the study period simultaneously (Map 
6.5). The probability of HR size use or utilization distribution (UD) of RC leopard Ml 
was computed and are presented in Figure 6.7 a & b. The Adaptive Kernel method 
has smoothed the data locations and the areas of low concentration of points have 
higher F1 values (tail of the density) than the areas with a high concentration of points 
respectively. 
6.3.6 Topographical features in the range of collared leopards 
Due to radio tracking it was possible to monitor and recognize major topographical 
features within HR area of RC leopards (Mland M2) and the details are as follows: 
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Ml: The range of this radio-collared leopard comprised of wide network of roads, 
hills, riverbeds, and flat areas, dissected and undulating terrain. The range of low-high 
hills (Panchali hill, Sagbagdi hill, Hanuman hill etc.) occurred in the range but were 
used seldomly such as the Pachali hill was used for resting purpose in evenings of 
summers during 2009-2010. A network of riverbeds tends to flow during monsoon 
season. In HRs few locations were recorded as favorite resting sites of Ml leopard 
and such sites were rivulate of Kadeli area as most of the time RC leopard Ml was 
using riverbeds nearby Kadeli Ness and the area was calculated as core zone of its HR 
as there could have been easy to feed on dead cattle's around the nesses. Artificial and 
natural water resource facilitated range use extensively. The presence of huge boulder 
in riverbeds favored the resting or bedding sites particularly during hot seasons 
(March to July) (Map 6.1 to 6.2). The dense thickets of the location (mentioned 
above) provided safe and undisturbed shelters to escape from disturbances. Vadliwala 
point near riverbeds of Kadeli to Dudhala was observed as second favorite site having 
a combination of highly undulating and dissected terrain, big boulders, and riverine 
vegetation. Flat area from Dudhala to Billiwali kundi was third favorite site as it was 
containing small rivulets and mixed forest. The area had shrubs such as karamda 
thickets, marvclo and equally number of lantana which provided sufficient cover for 
camouflaging purpose. Maximum mating pair sightings were recorded from here. 
Undulating terrain of Pachali area and Raidy to back Kadeli was observed to be 
preferred route to return to Kadeli site. This area was containing dissected and 
undulating features with rocky terrain. 
M2: The range comprised the wide network of roads, hills, riverbeds, dissected and 
undulating terrain. Highest hill Amla was lying in this range but it was never used by 
RC leopard M2. Road sides were used very frequently for resting purpose even 
several times tourist have sited this leopard. 
Factors such as number of kills found during study period, bedding sites used for 
resting purpose and certainly average body mass of Gir leopards exhibited 
significantly positive correlation with home range size (Table 6.9). 
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Table 6.7a Pstimaled home range sizes (km2) of RC leopard h11 in western Gir Lion Sanctuary, Gujarat. Range sizes were computed 
using two methods Minimum convex polygon (MCP) and Kernel method (K). 
MCP 	 KernelEiied) 	 Kernel 
2009-2012 332 17 	4.96 3.06 	19.81 	9.08 4.03 1.02 	16.19 	6.76 	2.93 	1.009 
Summer li 634 	4.15 3.1 	20.66 	10.47 5.71 092 	20.28 	9.24 	4.97 	0.871 
Monsoon 32,7 13.4 	4.54 3.11 	19.81 	9.9 4.53 1,03 	15.23 	632 	1,63 	1.035 
Winter 27.2 15,9 	7.68 4.59 	19.49 	10.21 4.8 1,02 	16.66 	822 	2,01 	1,05 
Nate: Ha area wasc culatedinke, DVA: density wlumearea 
Table 6.7h Estimated home range sizes 0m  of RC leopard MI in western Gir Lion Sanctuary. Gujarat. Range sizes were computed 
using 100 %Minimum convex polygon (MCP) on annual accounts, 
Year/Season 	 Overall 	Summer 	Monsoon 	Winter 
2009.2010 	 19.5 	 6 	 10 	 19 
2010.2011 14 93 7.7 7.2 
2011.2012 	 15.7 	 6.9 	 15.6 	 13 
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Table 66.8 Estimated home range sizes (km2) of RC leopard (M2) in western Gir Lion Sanctuary, (3ujarat. Range sizes were computed 
using two methods Minimum convex polygon (MCP) and Kernel method (IQ. 
MCP Kernel(Fised) Kernel (Adapth-e) 
SeasonJyear 100% 	95% 75% 50% 95% 	75% 58% OVA 93% 	75% 50% OVA 
2009.2010 23 	13 53 0.82 19.02 	6.31 1.59 	0.95 1622 	4.62 I 0.928 
Summer 10 	6.1 3 0.57 15.06 	4,18 1.09 	0,911 18.8 	6.43 0,96 1.03 
Monsoon 11 	5,8 4 0.84 15.06 	4.18 1.09 	0.911 16.53 	3,66 0.96 0.79 
Winter 19 	8.8 4.6 1.4 10,64 	45,55 22.86 	1 81.98 	36.92 17.7 0.991 
OVA: dwis yvolumearea 
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Table 6.9 Estimated home range sizes (km-) of large predator lion (P. leo perslca) in westem G r Lion Sanctuary, Gujarat. Range sizes 
were computed using two methods Minimum convex polygon (MCP) and Kernel method (K). 
MCP 	 Kernel (Fixed) 	 Kernel (Adaptive) 
Season! 100% 95% 75% 50% 95% 73% 50°% DVA 95% 75°/a 50% 
Lion Male pair 
2009.2011 561 46 36.86 10.5 2425 	2 0.83 0.99 10.46 1.66 0.73 L127 
Summer 51,71 41,23 25,98 22.01 26.95 	2,03 0.77 099 11197 1.55 0,69 1.09 
Winter 40.97 29.21 23.41 22.36 19.06 	2.47 0.91 1.02 7.34 1.86 0,78 1.171  
Lion PI Pride 
2009.2011 34,17 32.7 19.76 2.99 27.96 	6.72 1.81 0.93 36.05 9.02 2.97 0.823 
Summer 33.91 33.2 10.98 2.68 26.89 	7.43 1.02 0.97 26.24 7.08 1,01 0.963 
Winter 34.17 32.7 19.76 2.99 22.46 	9.27 4,01 0.85 2426 10.4 458 0.811 
Lion P2 Pride 
2009.2011 26.13 22.8 13.61 6.9 30.46 	11.36 4,25 0.95 29,39 10,53 3.16 0.909 
Summer 24.55 24.3 12.8 7.25 27.76 	8.64 1.88 0.99 25.88 8.47 1.64 1.013 
Winter 10.2 9.8 5.56 4.03 22.49 	9.3 4.03 0.85 2426 10,41 4.6 0.812 
Lion F3 &P4Pride 
2009.2010 15.15 6.09 2.68 0.13 9,82 1.64 0.72 1,12 5,07 1.54 0.68 
Note: Ha area was calculated in km OVA: denak; volume area 
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Figure 6.7a Probabilistic models of the home range utilization distribution (UD) for 
RC leopard (Ml) by using the probability density function (pdf). Notice the effect on 
the UD of varying the number of locations or density in the grids. 
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Figure 63b Probabilistic models of the home range utilization distribution (UD) for 
RC leopard (Ml) by using the probability density function (pdf). Notice the effect on 
the LTD of varying the number of locations or density in the grids. 
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Figure 6.8 MCP asymptote analysis for radio collared leopard Ml using consecutively 
and randomly added locations. 
Figure 6.9 MCP asymptote analysis for non-radio collared lion MALE PAIR using 
consecutively and randomly added locations. 
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Figure 6.10 MCP asymptote analysis for non-radio collared lion pride PI using 
consecutively and randomly added locations. 
San $sae 
Figure 6.11 MCP asymptote analysis for non-radio collared lion pride P2 using 
consecutively and randomly added locations. 
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Table 6.10 Relationship between home range sizes and major influencing factors to 
determine their effects on average HR sizes of a'  leopards during the study period 
(2009-2012) in western Gir Lion Sanctuary, Gujarat. 
Test Correlation between r p Correlation nature 
Leopard 
Spearman's Bedding sites & HRs 1.000 < ( positive & significant 
rho 
Adult kills and HRs 1.0110 <fl• positive & significant 
Male Wt.(kg) and l-IRs 1.000 <ar* positive & significant 
Spearman's Lion 
rho Adult kills and HRs 1.000 > a positive 	& 	non- 
significant 
Male Wt.(kg) and IIRs 1.000 <a** positive & significant 
Correlation is significant at the .05(*), 0.1(**) level (2 
Table 6.11 Identical information of radio-collars and their tracking codes. 
Leopard ID Collar IDs Channel Frequency (MHz) 
MI 50/343 06 164.06 
M2 50/344 12 164.12 
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6.4 Discussion 
Radio-telemetry is a widely used advance technique (Lindstedt et at 1986, Jackson 
1996, McCarthy et al. 2005, Odden & Wegge 2005, Imeharoen at al. 2008, Khan et 
al. 2007) to obtain information particularly about large and cryptic predator's in a 
forest ecosystem and the same has been used in the present study. Otis & White 
(1999) recommended >50 locations to estimate home range sizes during a specified 
study period and the same sample size was used under the present study to calculate 
HR size satisfactorily. Mohr (1947) method was used with Home Range Extension 
using software Biotas to plot 100% MCP as it was extensively used in previous 
studies (Seidensticker et al. 1973, Sunquist 1981, Rahinowitz & Nottingham 1986, 
Scognamillo et at 2003) and Kernel method as it has been found to be robust 
considering its utilization distribution function (Jhala el at 2009). 
6.4.1 Home range shifts 
Considerable seasonal shifts have been observed in intra and inter specific home 
ranges in several ecological studies (Sunquist & Sunquist 1989, Wong et al. 2004. 
Jhala et al. 2009) which was observed in present study also in case of lion and leopard 
in relation to shifts in resource abundance, sharing of same habitat, and key prey 
species. For example during summer season both predators concentrated their 
activities around water resources (artificial or natural on availability) and Riverine 
tracks where prey species availability was expectedly high. During monsoon home 
range sizes expanded due to availability of water throughout the home ranges and also 
prey populations were distributed evenly in home ranges (Map 6.3). Crawshaw & 
Quigley (1991) found larger home ranges of predators in monsoon season and 
concluded that heavy rains were a major ecological influence. The home ranges were 
large during winter season only in 2009-2010, as the home range sizes were 
considerably smaller in size during next two years (2010-2012). During 2009-10 
calculated summer home ranges were comparatively smaller than summer seasons in 
next two years (2010-2012). It was due fewer GPS co-ordinates recorded as collaring 
was attempted in June and therefore it can not be treated as representative or typical 
home range. The monsoon season home ranges did not show any significant variation 
in sizes during three years of study period (2009-2012) respectively. 
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The body size of any predator affects all aspects of its ecology including in the 
varying size of home ranges (Liridstedt et al. 1986, Crawshaw & Quigley 1991). Area 
required by a particular sex of a species may be calculated by using the formula as 
M5 ! Rd = R9 x M 07  where R is home range size and M is an individual body mass 
following using (Sandell 1989) and Marker & Dickman (2005) who used it during the 
study of leopards at Namibian farmlands. The home range area for leopard works out 
to be (a`) ca. 22.45 km2 and for lion (a')  ca 58.39 km` taking into consideration of 
average body weights (c with average weight of 55 kg and Q with average weight 35 
kg for leopards; a'  with average weight 155kg and o with average weight 120 kg for 
lions) The calculated home range size of large predators of Gir (leopards and lions) 
according to their average body masses have been found to correspond well with 
home ranges of lion and leopard based on radio-telemetry location and field 
identification (Table 6.6-6.8) and it is in conformity with Bailey's (1974) study which 
suggested that carnivores like leopards d&nt prefer larger home ranges beyond their 
energy requirements. Haldane (1956), Gittleman & Harvey (1982) considered it as the 
most obvious distinguishing factor among large carnivores and supported it by finding 
positive correlations between body weight of focused predator and its home range 
sizes. Contrary to it Robbins (1983) concluded that there was no association between 
increasing individual body weight and its metabolic needs. 
Considering present and past studies (Present study & Khan et al. 2007), the mean 
weight of six adult and healthy male leopards is estimated,1.5 times heavier than 
females. The body weight of male leopard was positively and significantly correlated 
with its home range size (Table 6.9). Significant positive correlation between home 
range size ofRC leopard Ml and number of kills made by it during study period was 
found to be in conformity with above mentioned concept. Apart from body weight 
topography has also been considered as an important factor responsible for home 
range shifts on seasonal basis as it was found to be a key factor in Jaguar home range 
shift in Panatanal of Mato Grosso, South America, where Jaguar used small home 
ranges during wet season rather than dry season due to high flood and low land relief 
(Crawshaw & Quigley 1991). 
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6.4.2 Co-existence of leopard and lion 
Differences in preferences of habitat use by large mammalian predators have been 
recognized as a key supporting factor which promotes co-existence (Palomares er at. 
1996, Seidensticker 1976, Schaller & Crawshaw 1980). Leopards have mostly used 
TMF, riverinc and TAZ forest while lions have mostly used riverine forest and TM 
forest type which allowed coexistence. Stoner et all (2007) suggested that two 
sympatric competitors may coexist due substantial differences in movement pattern 
and activity schedule which results in difference in home range sizes respectively 
regarding several intrinsic (e.g., sex, age, reproductive status, and hormone level) and 
extrinsic requirements (e.g., social condition, habitat requirement, and food 
resources). In present study, the co-existence between leopard and lion was possible 
due to differences in activity schedule specifically leopard's adjusting capability by 
avoiding conflicting sites (Marker & Dickman 2005). During monitoring of RC 
leopards, it was found that leopard avoided areas having lions. For instance if leopard 
had made a kill and lions detected and reached the kill site leopard immediately left 
the site to avoid the conflict and also competition. 
6.4.3 Movement pattern 
Mammals exhibit sex-biased movements which may be affected by population 
density, inbreeding avoidance and sibling rivalry (Gese & Ruff .l996, Stoner et al.. 
2007, Land et al. 2007). Movement pattern is of considerable interest as it has fitness 
benefits for total population size and structure through avoidance of competition with 
another sympatric competitor and can subsidize numeric recovery of sink populations 
(Stoner et al. 2007). The present study facilitated understanding of movement pattern 
of leopard and lion which varied on seasonal basis due to variety of reasons and 
statistically confirmed where presence and absence point locations of subject 
predators were non-significantly linked to each other. RC leopard (Ml) exhibited 
cluster movement pattern on seasonal basis which may have been constrained due to 
seasonal fluctuation in resources however it showed random point pattern for overall 
period due to all temporal requirements. On the contrary, RC leopard (M2) exhibited 
completely random pattern as there was not even a single preferred site of him and all 
tracking locations were irrespective to last locations simultaneously. In case of lion, 
all prides excluding P3 and P4 exhibited significantly clustered point patterns during 
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their overall movements patter suggesting concentration around key resources to full 
fill all requirements of groups. RC leopard (Ml) moved the small area with minimum 
angular movements (56) during same year (2009-2010) of the radio-collaring but 
movement efforts increased substantially to cover large area with high angular 
movements (247 to 204) as the study progressed 2010 onwards. In case of lion, male 
pair patrolled large areas compared to other prides containing small to young 
individuals. Mail pair was a nomadic pair of two brothers. Other lion prides (P1, P2, 
and P3) had restricted movements within their territories perhaps due to availability of 
high quality of habitats with abundant prey biomass as these prides comprised of 
complete family structure and having opportunities of reproduction. These findings 
are in accordance of study of VenderWall et al. (2009), where movement patterns of 
African female lions varied due to pride size exceeded the habitat specific optimum 
and remained within the range that maximized individual's reproductive success. Data 
from present study suggested that leopards are capable of dispersing longer distances 
than lions and in this study leopards have exhibited precise random and cluster 
movement patterns which significantly differed from what was expected by chance 
alone (Table 6.4). It was contrary to Royal Bardia leopards (Odden & Wegge 2005) 
but movement may be restricted in Gir to the habitats or sites with rich prey species 
and density as found in other studies also (Cavalcanti 2008, Stoner et at 2007, 
Scognamillo at at 2003). Dickson & Beier (2002) hypothesized that intensively used 
prey rich area of the home range may probably be the core zone. Although, 
probabilistic model have supported this concept technically by conveying the 
probability to find RC leopard (Mi) at a particular location of home range or core 
zone of home range (Fig 6.7 a & b). The attraction of large predators towards prey 
rich sites has been found in other studies also (i.e. Karanth & Sunquist 1995 & 2000, 
Palomares et al. 1996, Odden & Wegge 2005). 
6.4.4 Home range overlaps 
The home range overlap between RC leopards and lions was considerably low along 
with fine-scale differences in space and habitat use between leopards and lions. This 
is in accordance with study by Seidensticker's (1976) which found same pattern 
between leopard and tiger home ranges overlap where habitat patches were 
considered as an important component of their ecological separation. Although, it was 
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found in present study that large carnivores did not use their entire home ranges with 
equal intensity but occupy certain areas with greater intensity than others do. RC 
leopard (MI) had spent ca. 60% of its time in core zone which comprised of ca. 43% 
of its total home range area only and was quite disturbance diffident while RC leopard 
(M2) was quite mobile and spent time at a particular sites and was not disturbance 
diffident. 
In contexts of social organization leopards were observed to be social only in mating 
period while lions were observed to be highly social being in groups. Usually felids 
mate throughout the year (Bailey 1993) but information on mating records based on 
continuous radio-tracking of leopards suggested monsoon season to have highest 
mating activities along with home range expansion in order to find more females 
which had overlapping home ranges. This pattern has been documented in other 
studies also (Mizutani & Jewell 1998, Sunquist 1981, Schaller & Crawshaw 1980, 
Harmsen at al. 2009). Dickson & Beier (2002) hypothesized that among large felids 
generally males occupy large home ranges to reduce chances of competition from 
intruders and to catch accessibility of more females. During tracking, RC leopards Ml 
was sighted in mating pairs several times in diverse forms of courtship viz. pre-
mating, mating and post mating phases as has been observed by Mason et at (1999) 
in case of Utah cougars (Puma concolor), and by Harmsen et at (2009b) in jaguars 
(Panther onca) and pumas (Puma concolor) in neo tropical forest where they 
remained companion for few days, hunted together, shared kills and lastly copulated 
and departed and female responded violently when mounting lasted. High temperature 
is thought to have an adverse et£ect on the activity level of large predators (Crawshaw 
& Quigley 1991) as the high activity level of leopards were restricted to dawn and 
dusk, and continuous movement of lions were restricted to nights and are related to 
the activity level of prey which may result in more hunting opportunities 
(Scognamillo ei at 2003) and may detection of larger prey species. Consequently 
large sized prey item were found to be killed more than the smal I sized preys items. 
The leopards have changed from being completely nocturnal to diurnal and 
crepuscular like leopards in Kaeng Kraehan NP, Thailand (Ngoprasert etal. 2007) but 
more active than lions during the daytime which may partially be a consequence of 
low activity level or reduction in the lion movements. Activity pattern of leopard was 
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investigated by Odden & Wegge (2005) who acknowledged sexual difference 
between activity patterns of leopards as males were found more active during night 
rather than day. In present study leopards were observed to be highly mobile during 
night rather than day; for instance during tracking period if RC leopard was left at a 
one site in evening it was found at a different site in morning. Leopards used several 
kinds of bedding sites (tree branches, boulder dens, bunch of shrubs etc.) in 
comparison of lions which may help in avoidance of leopard-lion encounters 
(Hayward or at 2006, 2007, Bailey 1993). The high use of tree bedding or resting 
sites was observed by Gir leopards as an important factor to avoid confrontation with 
lions. 
6.4.5 Comparison with other studies 
Comparing home range sizes of a particular predator species between different 
habitats is fraught with difficulty because of variation in calculation methodologies. 
Even than it was done and found that the home ranges of leopards front Gir WLS are 
among the smallest in sizes (Table 6.11). Although, estimates of leopards home 
ranges were based on a variety of methods which probably accounts for large degree 
of variation but when the analysis of home ranges of leopards was restricted to using 
100% MCP method, it significantly differed than those studies reported elsewhere 
(M-W z--2.172 d.f.=7&3,p° 0.033, study no. 1,4,6,7,8,9 & 12, Table 6.11). 
There was also statistically significant difference between estimated home ranges of 
present and past studies of leopards in Gir (M-W z = -1.155, d.f 4 and 4, p = 0.34) 
respectively (study no. land2, Table 6.11). Home ranges calculated using 95% MCP 
have not been tested for significance due to lack of data. The large disparity in home 
range size between Gir WLS and other study sites could be due to significantly high 
prey biomass in Gir (chapter 4). The variability in sizes of home range between inside 
and outside protected areas either for male or female were found to be different as 
adult individuals have significantly smaller home ranges inside protected area 
compared to outside the protected area respectively (study no.1 and 3, Table 6.9) and 
smaller home ranges of male leopards were reported rather than females (Anderson 
1982, Pittman et at 2000, Dickson & Beier 2002). Moreover, the studies must have 
been performed in a variety of habitats with large variation in prey abundance, 
rainfall, vegetation and leopard density, as well as disparity in other factors such as 
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temporal conditions of the study area, presence of any other sympatric carnivore etc. 
(Odden & Wegge 2005, Marker & Dickson 2005). The study has found statistically 
significant seasonal influences on home range sizes which probably resulted in form 
of seasonal shifts. It may be due to changes in substantial movement and habitat use 
pattern of prey species as concluded by Grassman (1999), Marker & Dickson (2005) 
and Grant et al. (1992). 
Besides, Creel et at (2001) stated that increasing number-of large felids might be 
resulted due to reduction in intra-guild competition whereas it was affirmed by Gehrt 
et all (2009) by adding that small home ranges could be a good indicator of high 
population densities and low resource competition. And the adaptability to survive 
anywhere makes leopard a successive competitor in the areas where they are residing 
with top or sympatric predators (Karanth & Sunquist 2000). Their adaptability 
(ecological and behavioural flexibility) reduces kleptoparasitism as has been 
discussed earlier in chapter 5 (Seidensticker 1976b, Karanth & Sunquist 2000) and 
probably allow their persistence in areas of high habitat degradation, large prey base 
fluctuations etc. (Woodroffe 2000, Marker & Dickson 2005, Lionel et al. 2001). 
6.4.6 Conclusion 
The leopard home ranges were found to be small in size in comparison to other 
protected areas as well as home ranges calculated outside the protected areas. The 
home ranges of leopard overlapped with that of lions inside the intensive study area 
covering Pilipat, Kadeli, Kairamba, Dudhala, Jambuthala and Kansia range areas. 
The home range of both leopard appeared to be same although one leopard provided 
limited data as the collar malfunctioned. The leopard home ranges showed 
considerable seasonal variation and home ranges were generally larger in winter 
season compared to others. The home ranges of lions on the contrary were large and 
did not show much variation on seasonal basis and male lion groups were having 
larger home ranges in comparison to prides having cubs, sub adult and adult female. 
The 95% MCP home ranges provided a realistic picture of home range as compared to 
100% MCP which overestimated the home range sizes due to outliers (very few 
locations of collared individuals which did not form part of regular home range and 
are excluded in 95% MCP). 
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Map 6.3 Comparative views of overall seasonal home ranges of MI and M2 RC leopards plotted using one year monitoring GPS 
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Table 6,12 Comparative study of home range of leopard from other studies worldwide, 
ParklBabitatType Sex Method Mn 	Home 
Range Size 
Other Large 
Predators 
Authors 
Gir PA, WestetulndunDryDeoiduousForest M IQU%MCP 24.96 Y Present 	study 	2009- 
2012 
GirPA Western hidia Thy Deciduous Fare st NI l00%MG9 16.82 Y Khan et of 2007 
Around GirPA Western India lAai.Card F 95%MCP 16.1 Y „ 
Sariska TR, Northwestern ladia' Dry- DeciduouwThom hl l00MICP 127.1 Y Monda12011 
Forest 
Nkaraholo NP, Southono Indla7rojicol Most 95%MCP 217 Y Karaott 	& 	Sunquist 
2000 
KaengKrachanNP,Thailand'ForestedHills I00°/%MCP 17.7 NO Grassman1999 
Kadon GR. Katible Woodland Savanna 100%MCP 451.2 Y StanderelaL1997 
WaterbergPlareauP,Namibia%ThomlushSavanna - 100%MCP 1187 NO Zeiss 1997 
Sable river, KmgerKP,SAAVoodlandSavanna 100%MCP 76,2 Y Bailey 1993 
Namibian farmlands Thom Bush Savanna M 95% 229 NO Marker 	& 	Dickson 
2005 
„ F U 179 NO „ 
Rawalpindi District, Pakistaartemperate M 100%MCP 273 Y Maas 	& 	Chaudhry 
2000 
„ 	 F 100%MCP 18 	Y  
Rol BarciaKP,Nepal&Sal Po rest, tallgrass flood plains 	M 	 471 	- 	Odden&Wegge2005 
„ 	 F 	 17 	 Odoen & Wegge 2005 
Ranches Of laikipia Pshlct, Kenys2scaOered M 	100%MCP 32.8 	- 	Mimtani & Jewell, 
I 	grassland 	 199S 
F 	14 	 ,. 
kW. () rwnes nhrcr &(•; :Dfonrdo tol °vathblc 
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Table 6,13 Comparative study of home range OfAsiaWe lion from past studies in the wesietnGir Lion Sanctuary, Gujarat 
Habitat type 	 Sex 	 Method 	Mean home range Other 	Author 
aiae 	large 
Gir PA, western India Idry 	-Male Pair 100°/°MCP 495914,49 Y Present study 2009.2012 
deciduous forest 
Pride PI 100%MCP 34,08±0,09 Y Present study 2009.2012 
PrideP2 100%MCP 20,29}5,07 Y Present study 2009.2012 
Avg. (7 Lioness) 100%MCP 48.2±10,6 Y Jhalaet at. 2009 
Avg.(5 Lions) 100%MCP 56.66}1728 Y lhalaetal.2011 
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CHAPTER 7 
LARGE PREDATOR - HUMAN CONFLICT 
7.1. Introduction 
Large predator-human conflict (henceforth referred to as LPHC) is a very sensitive 
issue around the world and it sometime assumes serious dimension in highly human 
dominated landscapes jeopardizing surrounding human lives (Woodroffe etal. 2005, 
Mishra & Fitzherbert 2004). The last few decades of the 20th century have witnessed 
dramatic increase in conflict worldwide (Ahmed et al. 2012, Athreya et at. 2007, 
Bauer et at 2010, Goodrich & Miquelle 2005, Marker & Sivamani 2009). It is being 
reported with increasing pattern particularly at the peripheries of protected areas even
after implementation of conflict mitigation measures (Rahalkar 2008, Nowell & 
Jackson 1996, Zimmermann 2005, Treves & Karanth 2003). Conflict generally occurs 
due to habitat encroachments depending upon who actually encroaches on whom? 
(Goodrich & Miquclle 2005, Patterson et all 2004). This encroachment rises when 
population of either problem species or human-being increases rapidly. Due to spread 
of agriculture, urbanization, drastic decrease in forest areas, changes in land use and 
cropping pattern, it is not difficult to determine the cause of conflict which very often 
results in awful incidents (Lee 2002). The rapid change in land use pattern could be 
assumed due to settled agriculture spreading to more marginal rangelands, along with 
other activities such as animal husbandry, mining, developmental projects to cater 
needs of growing populations. As habitat gets fragmented, the length of `edge' for the 
interface between humans and large predators increases thereby increasing the 
chances of conflict between them to seek and fulfill their nutritional, ecological and 
behavioral requirements (Nowell & Jackson 1996, Treves & Karanth 2003, Karanth 
& Madhusudan 2002). In case of large predators the fundamental problem is 
requirement of extensive home ranges and large prey populations which has become 
scarce commodities (WoodrotTe 2001, Ahmed or all 2012). Sometime these problems 
occur due to coexistence of two or more competitors as in many Protected areas 
leopard has to co-exist with another top large predator throughout its range (Hayward 
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c/ aL 2007, Seidenstieker 1976). It draws leopards into recurrent conflict with humans 
and thereby become habituated to do it (Kulkami et al. 2004, Karanth & Madhusudan 
2002, Treves & Karanth 2003, Zimmerman et at. 2005). Mother leopardesses and 
their cubs are found frequently in agricultural fields and the same were regarded as an 
indicator of rising leopard population outside the parks (Athreya el aL 2004). 
Translocation of problem leopards is a most common management strategy and being 
followed throughout the Indian sub-continent (Goodrich & Miquelle 2005). But its 
effectiveness in conflict mitigation has been questioned by wildlife biologists and 
managers due to variety of reasons (Athreya et all 2004, Breitenmoser el a). 2005, 
Karanth & Madhusudan 2002). Conflict' poses significant threat to the survival of 
many large endangered carnivores (Treves & Karanth 2003, Zimmermann et al. 
2005). 
Over the past two decades, Gujarat state not only experienced increase in human 
population but also witnessed significant changes in land use pattern in general and 
especially around Gir WLS. There is severe large carnivore-human conflict all around 
Gir WLS as lion and leopard stray out of Gir and in fact there are now resident 
populations of both species surviving in agro-ecosystem intermixed with scrub lands, 
grasslands and degraded forests. This chapter summarizes the results of investigations 
carried out on LPHC around Gir WLS. 
7.2 Methodology 
7.2.1 Data collection 
7.2.1.1 Monitoring of large predators problem sites (Primary data) 
Primary data were collected since the beginning of the intensive fieldwork in 2009. 
All problem sites affected by LPHC were monitored on priority basis as on receiving 
stress calls research team along with forest department rescue team (PDRT) used to 
reach the site without any delay. It was difficult to deal with local people at the 
incident site sometimes and was not an easy task particularly if the case belonged to 
any human injury or even death. in those circumstances prior efforts were made to 
control the agitation of local people and to assure them to trap and eliminate the actual 
problem individual The pugmarks of problem predator were traced from the incident 
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site using colorless rectangular glass plate of size: 20, ,x 25x3mn, and preserved as 
true evidence to trap actual animal (Sharma al al. 2005). Iron cages (3 feet length, 1.5 
feet width) with self dropping door mechanism were strategically placed around the 
incident site covering all possible trails and routs to block the movement of problem 
individual. As animal tracks are impressionable well on dirt or loose sand, all cage 
sites were covered with sand beds with a radius of 5 in to obtain pugmarks of problem 
animal. UPS co-ordinates were determined for each distinct spoor located at incident. 
Procedure was repeated several times during the operation up to the end. Later paw 
impression pads (PIPS) measured were matched with the paw impressions obtained on 
the first day of incident for accurate identification. Supplementary information on 
following points was also gathered: 
The household: It was observed and recorded in terms of location, infrastructure 
(out/in door, windows) of houses, their surroundings, and prey availability. Time of 
the incident was also assumed on the basis of indirect evidences, if any live stock 
fencing was active in surroundings, the distance to the fencing was measured too. 
Land use and cropping pattern: It was most important key factor to investigate at 
incident site. If captured problem predator recognized as female individual, query 
investigated about the status like either it is single or mother female. If found mother 
female then cubs were searched and transported to rescue center and reared on 
artificial diet till the necessity. During subsequent visits to the field, interactions were 
carried out with the local farmers and cultivators to take them in to confidence to 
obtain accurate information about past and current level of conflict (Ogada et al. 
2003, Zimmermann et al. 2005, Rahalkar 2008). Occurrence and prediction of 
predators in certain type of cultivated areas or agro-farms and their surroundings was 
obtained by local's feedback. Problems of livestock raiding and adopted protection 
measures and suggestions were also inquired along with other cases of interaction 
with large predators. If possible, interactions were made either with victims or any 
family member of the victim of predator attack individually to acquire first hand data 
for case study. 
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Flow chart 7.1 Outline of the methods of the study of LPHC at periphery of Gir PA. 
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Records of human casualties: Data on human-injuries or fatalities due to problem 
predators were also collected for said period. Supplementary information like reason 
of casualty or encounter of predator—human was also recorded from the incident site. 
Field notes were maintained about the victims detail like he/she is or was resident or 
migrant laborer, plus its occupation and working schedule was also scanned. Status of 
awareness about the area or predators straying at park periphery was also inquired 
into. 
7.2.1.2 Study of forest department records (Secondary data) 
Secondary data pertaining to capture of lions and leopards from outside the Gir WLS 
were obtained for duration from 2000-2012 from the Forest Department Rescue 
Center, Wildlife Division, Sasan Gir (WDS). The records were maintained by forest 
staff on all incidents leopard and lion rescued from outside. The data available 
pertaining to the date of incident, location of incident, species involved, sex, age, 
status after the capture and fixing of microchip for identification were collected. 
Livestock depredation records were collected about location and date of livestock 
killing, depredated livestock species and their age categories, cause of depredation. 
Because, most of the incidents of livestock loss or damage were reported to forest 
department where information regarding time of attack, type of loss, and surrounding 
circumstances were also inquired too. Data on human-injuries or fatalities caused by 
problem leopard or lion were collected. 
Data on compensation amount paid by forest department to locals on incidents were 
obtained for same duration to analyze predator tolerance capacity by locals. 
Compensation amounts are fixed for soeio-economic loss for locals or Maldharies and 
for human casualty. Final information was also obtained from interviews of Deputy 
Conservator of Forests, Wildlife Division Sasan Gir and with past and present forest 
staff who had worked in Gir PA for better understanding of large predator-human 
conflict pattern. Data on availability of non-wild prey and increasing human 
population was collected from published literature and government websites 
(www.agri.gujarat og v.in). 
Page 1260 
Large Predator Human Conflict 
7.2.2 Data analysis 
All recorded information and generated data regarding LPHC was kept in matrix to 
have an overview of conflict trend, intensity and magnitude during such a long period 
(2000-2012) plus key conflict driving forces (henceforth referred to as CDFs) to draw 
large predators towards human vicinity were graphed separately. It was done through 
the plotting of number of cases against years. Proportional rise in LPHC was 
computed on annual and seasonal basis. The frequency of involved problem predators 
was tested for expected values statistically. Cases of LPHC were examined for their 
relating areas or talukas of the protected area and later processed for further analysis 
in form of number of villages of the particular taluka and total number of cases 
graphically. Their land use and cropping pattern, habitat type, and distance from the 
periphery of Gir PA was examined assuming that these all factors may be relating to 
escalation of conflict. The number of conflict incidents in each taluka was tested for 
expected values to cross-check authenticity of LPHC with statistical significance. 
Identified CDFs on annual as well as seasonal basis were tested for severity and 
impact of each one was computed for expected values throughout the study period. 
Depredation cases were first compiled for calculation of overall, annual, and seasonal 
depredation pressure and later sorted out predator-wise (leopard and lion) to find out 
which species is more responsible for higher economic losses to peripheral human 
population. It was done by plotting number of livestock killings against years. Status 
of livestock holding and depredation was analyzed in terms of number of cases and 
villages pet taluka. Economic losses by large predators were computed in proportions. 
The monthly depredation rates were calculated as following formula: Iota[ member of 
ki(7s recorded/ duration of total monitorings x100. Large predator preference for non-
wild prey species was identified in terms of size and species of prey and their 
percentage contribution was calculated. Descriptive statistics of depredation cases was 
computed to know its mean and distribution. Availability of non-wild prey species 
was calculated in proportional terms to have statistics of total population and analyzed 
graphically. Livestock depredation rates were also correlated with number of 
predators captured each year to check authenticity of the data (only with leopards). In 
anticipation of some other CDFs to draw large predators to human vicinity sex and 
age were examined thoroughly by studying each case in great detail. Sex ratios (9 and 
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a) were calculated in terms of expected values and then all individuals together 
categorized for their ages (in years) and frequencies calculated. Pour type of age 
structure categories (Adult, sub-adult, old adult, and cubs) were considered. The 
severity of LPHC was analyzed through case history of human injuries/casualties. 
Human injuries/casualties were categorized as minor injuries, severe injuries and 
fatalities. The information about most problematic large predators was extracted 
through examination of post capture decisions. Some animals were released back in 
the forest whereas some animals were transported to Zoo. Problematic large predators 
were also identified by analyzing repeated capturing of same individuals. A survey 
was carried out to assess perceptions/attitudes of local people about presence of large 
predators in their surroundings. They were also asked about the forest department 
responses on incidents. To check effect of distance from periphery, it was demarcated 
with buffers of 6 km, 12 km, 18 km and 24 km to cover complete conflict affected 
area. Buffer demarcation was used to analyze distribution pattern and coexistence of 
large predators and humans through GIS mapping. Intensity and magnitude of conflict 
was assessed using number of conflict incidents by categorizing and ranking in low, 
medium, and high number of conflict cases to demarcate the most sensitive areas of 
LPHC simultaneously. The maximum and minimum distances of the affected areas 
from Gir periphery were also measured. Compensation details were examined for 
amount paid for a particular loss or damage by large predators (leopards and lions) 
and the duration of the payment. Whole statistical analysis was done using SPSS 
computer program (version 11.0). Chi square goodness of fit test was used to compute 
expected values from observed data. Spearman correlation analysis was used to assess 
strength of relation and significance. One way ANOVA test was used to test 
differences between mean population sizes of each age structure along with their 
standard deviation. 018 mapping was done using GlS software program "Gen Media 
Professional" (version 5.0). 
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Map 7.1 Peripheral study area around Gir PA. Area is representing in form of districts (Junagadh and Amreli) containing 
talukas or sub-districts. 
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Plate 7.1 Snap shots of large predators (leopard and lion) problems at periphery of' (hr 
PA. a) A healthy leopard is depredating on goat. b) A leopardess resting under mango 
tree c) A residence of migrant labourers. d) working in nearby sugar mill, e and t) 
rescued mother female with its cubs being settled hack in torest g & h) Lions are on 
huning (Left to right). 
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Plate 7.2 a) Leopard is being rescued from irrigation well. h) Leopard is being 
tranquilized inside house at peripheral area. c) An interview of local peoples about 
large predator movement in their surroundings at incident site Bhojdey village. d) 
Mother leopardess is hiding in sugarcane field, e) Forest department staff is 
controlling mob at site ot'trapped problem leopard (source: survey 2011). 
Page 1 265 
Large Predator Human Conflict 
73 Results 
73.1 Large predator human conflict (f.PHC): Status from 2000-2012 
Altogether, *1648 problem predators (leopards and lions) were captured during a 
period of l2 years from 2000-2012 from peripheral areas of Gir WLS. Out of these 
1157 cases were of leopards and 491 cases were of lions. In 2000-2001 only 4 cases 
(0.35%) of leopard problems were recorded and the number kept increasing steadily 
and it rose to 195 (25.76%) in 2011-2012 (Fig 7.1 a). There was significant difference 
between expected and observed frequencies of trapped problem leopards each year 
(XZ 15.87, di = 4, p < d**) respectively (Table 7.I). In case of lion, only 68 cases 
were registered for direct conflict and rest of the lions (423) were captured for 
treatment purpose. Fig. 7.lb provides the trend in lion captured during different years. 
The details of complaints about lion and leopard were obtained from two main 
territorial management units of Gir WLS viz. Gir West and Gir East along with other 
divisions such as Bhavnagar Forest Division, Junagadh Forest Division, Junagadh, 
Social Forestry Division, Amreli etc. Gir WLS is surrounded by talukas which contain 
1540 villages at distance of ca. 30 km in northern-southern peripheries while eastern-
western peripheries were affected to a distance of ca. 55 km respectively (Map 7.1). 
Of them, about 19 Talukas along with 1260 villages were found affected by conflict 
problem either by direct or indirect conflict driving forces (CDFs). 
Of which 8 talukas containing 460 villages were affected at eastern periphery and 
about 13 talukas containing 808 villages were affected at western periphery of Gir 
WLS. Most of the complaints were registered from Kodinar and Talala talukas in 
terms of number of cases and number of villages followed by Una, Visavadar and 
Veraval. While, at eastern periphery of Gir PA, Dhari taluka was severely affected in 
terms of number of cases and villages, followed by Khamba and Savarkundla talukas 
(Fig 7.2 & 7.3). The expected frequency of problem leopard was calculated as 87.9/ 
and significant differences were found between observed and expected frequencies 
(X'= 1343.8, d.f = 14, p < n**). 
The observed frequencies were lower than expected by chance in Jafrabad-Rajula, 
Babra-Amreli-Bagasra, Khamba, Savarkundla, whereas observed frequencies were 
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Figure 7.la Status of number of rescued leopards due to conflict during study period 
(2000-2012) at periphery of Gir PA. 
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Figure 7.1b Status of number of rescued lions due to conflict during study period 
(2000-2012) at periphery of Gir PA. 
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Figure 7.2a Status of leopard-human conflict (LHC) in terms of number of complaints 
and number of villages in each particular taluka of Junagadh district during study 
period (2000-2012) at western periphery of Gir PA. 
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Figure 7.2b Status of leopard-human conflict (LHC) in terms of number of complaints 
and number of villages in each particular taluka of Amreli district during study period 
(2000-2012) at eastern periphery of Gir PA. 
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Figure 7.3a Status of lion-human conflict (LHC) in terms of number of complaints 
and number of villages in each particular taluka of Junagadh district during study 
period (2000-2012) at western periphery of Gir PA. 
Page 1 270 
Large Predator Human Conflict 
34 
32 
30 
28 
26 
o 24 
Z 22 
0 20 
018 
16 
14 
12 
INSK '_  
DHARI 
18 
® Village 
is 
DHARI 
	
T 	KHAMBHA  
Talukas 
Figure 7.3b Status of lion-human conflict (LHC) in terms of number of complaints 
and number of villages in each particular taluka of Amreli district during study period 
(2000-2012) at eastern periphery of Gir PA. 
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Table 7.1 Expected frequencies of complaints about leopards involved in conflict 
Percentage deviations are exhibiting that observed frequency is smaller (-%) or larger 
(+%) than expected frequency. (Chi square goodness of fit test). 
Year Complaints Expected Variation 
2000-2002 49 -9.4% 
2002-2003 57 +38% 
2003-20D4 42 -21% 
2004-2005 63 +14.6% 
2005-2006 60 11.1% 
2006-2007 75 +33% 
2007-2008 96 -13.3% 
2008-2009 120 +7.6% 
2009-2010 195 -5.1% 
2010-2011 199 +27.8% 
2011-2012 201 +3.3% 
Table 7.2 Leopard—human conflict in talukas of Amreli and Junagadh districts at 
periphery of Gir PA, Gujarat. Measures of differences are exhibiting standard 
residuals (Chi-square goodness of fit test). 
Talukas Observed Expected Standard residuals 
leopard value 
problems 
Jafiabad, Rajula 9 87.9 -78.9 
Babra, Amreli, Bagassa 10 „ -77.9 
Khamba 53 „ - 	-34.9 
Dhari 99 „ 11.1 
Savarkundla 29 „ -58.9 
Una 169 81.1 
Kodinar 271 „ 183.1 
Sutrapada 18 „ -69.9 
Talala 291 „ 203.1 
Patan-Veraval 97 „ 9.1 
Malia 67 „ -20.9 
Mendarda, JND 61 „ -26.9 
Keshod 15 „ -729 
Mangrol 5 „ -82.9 
Visavadar 124 36.1 
Note: Here emphasis has been given on leopard complaints in sense of direct leopard-human conflict 
4ncotmlcnI. 
Y 
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greater than expected in Dhari in Amreli district. Observed frequencies were 
significantly lower than expected frequencies in case of Sutrapada, Mafia, Mendarda-
Junagadh, Keshod, Mangrol Taluka and observed frequencies were greater than 
expected in Una, Kodinar, Talala, Vertical and Visavadar taluka in Junagadh district. 
7.3.2 Key conflict driving forces (CDFs) 
The key CDFs were identified in two categories of direct encounters and for indirect 
reasons. Direct encounters related to direct clashes in or around agro-farms 
specifically in tall crops such as sugarcane fields and falling of predators in open 
irrigation wells and invasion in houses, and through indirect source livestock 
depredation was identified as key force to draw predators towards vicinity of human 
beings and make them habituated to stay there. 
In case of leopard, large numbers of complaints pertained to direct CDF with the 
pattern as sudden encounters in and around agro-farms followed by falling of leopards 
in irrigation wells and invasion in houses (Fig 7.4). In case of lion large numbers of 
complaints were related to indirect CDF in the form of vey high depredation pressure 
on Livestock (Fig 7.5). 
Leopard complaints were evaluated on seasonal basis and it was found that large 
number of complaints were registered during winter season followed by summer and 
monsoon (Fig 7.6). On investigation of seasonal (summer, monsoon, and winter) 
CDFs maximum encounters or conflict cases occurred in and around agro-farms and 
this pattern emerged in ascending order during all three seasons 
summer<monsoonawinter while cases of well falling emerged with high numbers 
during summer season with following order summer?monsoon<winter respectively. 
The pattern of invasion in houses emerged in a very interesting order where maximum 
cases were registered in monsoon season in an order as summer<monsoon>winter 
respectively (Fig 7.6). The differences between observed and expected frequencies of 
number of cases belonging to each CDF were calculated and were found to be highly 
significant (X' = 86.4, d.f. = 4, pc a') respectively (Fig 7.7). 
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Figure 7.4a & b Status of LHC in terms of identified CDFs at periphery of Gir PA 
during study period (2000-2012). a) Leopards trapped from agro-farms (tall crops) 
due to sudden encounters with humans, b) leopards rescued from irrigation wells in 
agro-farms due to their large movements in dark. (Note: 2000 and 2001 have merged). 
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Figure 7.4c & d Status of LHC in terms of identified CDFs at periphery of Gir PA 
during study period (2000-2022). a) Leopards trapped from houses, b) leopards 
rescued for unknown reasons. 
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Figure 7.5a & b Status of LHC in terms of identified CDFs at periphery of Gir PA 
during study period (2000-2012). a) Lions trapped for treatment purpose, b) lions 
trapped from agro-farms. 
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Figure 7.5c & d Status of LHC in terms of identified CDFs at periphery of Gir PA 
during study period (2000-20]2). a) Lions rescued from irrigation wells of agro-
farms, b) lions trapped from houses. 
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Figure 7.6 Status of leopard-human conflict along with their relating CDFs on 
seasonal account. 
7.3.3 Livestock holding and depredation 
Under indirect approach of CDF, history of depredation was analyzed with 20461 
livestock holding and depredation cases. Of which, very high frequency was 
calculated for depredation by lions with 18014 (88%) cases while depredation by 
leopards was calculated to be very low numbers 2447 (12%) cases simultaneously. It 
demonstrated that among large predators lions were responsible for higher 
depredation pressure at peripheral area of Gir WLS rather than leopards (Fig 7.8). 
On annual basis, the pattern of leopard depredation emerged in continuous increasing 
order somewhat similar to direct approach up to 2009-2010 and it dropped later 
during 2010-2011 which rose again in 2011-2012. The pattern of lions depredation 
showed two oscillations one during 2003-04 with proportion of cases 5% (934) and 
second during 2009-2010 with proportion of cases 12% (2124) respectively (Fig 7.9). 
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On seasonal basis, both predators depredated on livestock during winter season. The 
depredation pressure was followed by leopard in an order as 42.33%, > 34.86% > 
22.81% in winter, monsoon and summer seasons whilst similar pattern was identified 
for lions depredation in following order 43.96% > 34.88% > 21.16% on seasonal 
accounts respectively (Fig 7.10). 
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Figure 7.7a Status of CDFs in terms of sudden encounters in and around agro-farms, 
falling in irrigation wells and invasion in houses during summer season. (Observed 
Vs. Expected) 
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Figure 7.7b Status of CDFs in terms of sudden encounters in and around agro-farms, 
falling in irrigation wells and invasion in houses during monsoon season. (Observed 
Vs. Expected) 
Figure 7.7c CDFs in terms of sudden encounters in and around arc-farms, falling in 
irrigation wells and invasion in houses during winter season. (Observed Vs. Expected) 
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In case of leopards, most of the complaints regarding livestock holding and killing 
were registered from Una taluka (26.41%) followed by Talala (20.30%), Kodinar 
(15.63%), Visavadar (9.22%), Savarkundla (7.83%), Mendarda (4.55%) Khamba 
(4.51%), Jafrabad (0.35%), Veraval and Rajula (0.04 for each) respectively (Fig 7.11, 
Map 7.3). 
Extremely high of livestock depredation pressure by lion was recorded at peripheary 
of Gir WLS and Taluka wise detail of depredation was as follows: Una (20.03%) 
Dhari (18.15%), Talata (17.19%), Khamba (15.44%), Savarkundla (8.13), Visavadar 
(7.13), Kodinar (6.96%), Mendarda (4.34%) Liliya (1.12%x), Maliya (0.90%), Jafrabad 
(0.41%), Rajula (0.21%), and Veraval (0.01%) respectively (Fig 7.12, Map 7.4). 
In terms of preference of livestock (non-wild prey) size, leopards predated preferably 
on medium sized prey items (89.30% Calves, Goats, and Sheep's) compared to while 
large sized prey item (10.70%). The results were otherwise in case of lions where 
large sized preys (Cow, Bull, Feral Cows, Horse, and Camel) were depredated more 
(71.44%) compared to medium sized non-wild prey item (11.53%). Data on 
preference for non-wild prey species are presented in Figure 7.13. Lion's depredation 
rates on livestock varied across different years from. 102.92 livestock/month during 
2001-2002 to 77.83livestock/month in 2003-2004 and 189.42 livestocks/month during 
2008-2009. Since here, depredation rate started to drop again and reached to 151.00 
livestock/month respectively (Fig 7.14b). leopard livestock depredation rate was 1.33 
livestock/month in 2000-2001 which increased to 33 livestoek/month in 2011-2012. 
Monthly depredation rates were calculated for leopard which increased from 2000 to 
2012 (Fig 7.14a). The correlation was between annual number of livestock kills and 
the monthly depredation rates was significant (Leopard-Spearman's p=1.000, p <ä. 
and Lion-Spearman's pH .000, p < a**). The monthly depredation rates and the 
number of trapped leopards were also found to be correlated (Spearman's p = 0.929, p 
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Figure 7.8 Status of total livestock depredation pressure by large predator (leopard 
and lion) at periphery of Gir PA, western lydia. 
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Figure 7.9a Status of livestock depredation by leopards during study period (2001-
2012) at periphery of Gir PA, western India. 
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Figure 79b Status of livestock depredation by I ions during study period (2001-2012) 
at periphery of Gir PA, western India. 
The records on overall availability status of livestock population at peripheral areas of 
Gk WLS were obtained and these comprised of cow (38%), bvffalo (32%), and sheep 
(15%) and goal (15%) respectively (Fig 7.15). While at district level the records on 
availability of non-wild prey species varied as cow 48%, buffalo 37%, and sheep and 
goat 5% and 10% in Junagadh district; cow 36%, buffalo 27%, and sheep and goat 
19% and 18% in Amreli district; and cow 30%, buffalo 29%, and sheep and goat 23% 
and 18% in Bhavnagar district respectively (Fig 7.16). The data on population 
structure of depredated livestock population have been presented in Table 7.5. The 
skewness of population sizes of domestic prey species indicated significant difference 
from normal or symmetric distributions. 
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Figure 7.10a & b Status of seasonal depredation by large predators (leopards and lion) 
during study period (2001-2012) at periphery Gir PA, western India. 
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Figure 7.11 a Status of depredation by leopard in talukas of Junagadh district in form 
of number of cases and number of affected villages during study period (2001-2012) 
at western periphery of Gir PA, western India. 
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Figure 7.1 lb Status of depredation by leopard in talukas of Amreli district in form of 
number of cases and number of affected villages during study period (2001-2012) at 
eastern periphery of Gir PA, western India. 
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Figure 7.12a Status of depredation by lion in talukas of JND district inform of 
number of cases and number of affected villages during study period (2001-2012) at 
western periphery of Gir PA, western India. 
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Figure 7.12b Status of depredation by lion in talukas of Amreli district in form of 
number of cases and number of affected villages during study period (2001-2012) at 
eastern periphery of Gir PA, western India. 
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Figure 7.13a & b Status of non-wild prey species and size by large predators (leopard 
and lion) during study period (2001-2012) at periphery of Gir PA, western India. 
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Figure 7.14a&b Monthly depredation rates by large predators (leopard and lion) on 
peripheral livestock's during study period (2001-2012) in and at periphery of Gir PA, 
western India. 
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Table 7.3 Mean livestock holding and killing of different non-wild prey in affected 
talukas of Amreli and 2ND and Bhavnagar Districts at periphery of Gir PA, Gujarat. 
Descriptive Statistics 
N Minimum Maximum Mean Std. Skewness 
Statistic Statistic Statistic Statistic Statistic Statistic Sid. Error 
Cow 12 1.00 208.00 34.6667 55.08891 3.348 .637 
Bull 11 1.00 36.00 6.5455 9.98357 3.090 .661 
Buffalo 11 1.00 12.00 2.1818 3.31114 3.138 .681 
Buffalo calves 11 2.00 235.00 42.7273 65.95164 2.932 .661 
Sheep 11 1.00 236.00 43.2727 67.24595 2.879 .661 
Goat 12 5.00 691.00 115.1667 187.86447 3.057 .637 
Horse 3 .00 1.00 .6667 .57735 -1.732 1.225 
Ass 5 .00 3.00 1.2000 1.09545 1.293 .913 
Cow calves 12 3.00 1032.00 172.0000 280.08148 3,070 .637 
Feral cow 4 1.00 3.00 1.5000 1.00000 2.000 1.014 
Total 12 20.00 2459.00 409.8333 564.28291 3.121 .637 
Note: Skewness is exhibiting nannality status 
Table 7.4 Cost being paid by forest department to sustain large predators (leopards 
and lions) for loss of livestock at periphery of Gir PA and their current market values. 
Market values Compensation amount Livestock type N (current) (2011-2012) 
Cow 1 15,000-20,000 1100 
Milky cow 1 30,000-40,000 5000 
Calf 1 2000-3000 - 2100 
Bull (>2Years) I - 6000 
Bull (4Years) I - 3500 
Buffalo 1 30,000-40,000 2100 
Milky Buffalo 1 60,000-70,000 8000 
Pada 1 4000-5000 1500 
Goat l 1000-2000 425 
Sheen l 10D0-2000 550 
(-) = data not available 
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Figure 7.15 Status of proportional contributions of non-wild prey (livestock's) to 
livestock husbandry at periphery (Junagadh, Amreli and Bhavnagar districts) of Gir 
PA. Source: Final Districts Agriculture Plans (DAP). www.agri.gujarat.gov.in 
Junagadh 
Sheep 
5% 
buffalo - ~ 
Figure 7.16a Status of non-wild prey (livestock's) availability in talukas of Junagadh, 
district at western periphery of Gir PA. Source: Final Districts Agriculture Plans 
(DAP). www.aeri.euiarat.gov.in 
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Amreli 
Figure 7.t6b Status of non-wild prey (livestock's) availability in talukas of Amreli, 
district at eastern periphery of Gir PA. Source: Final Districts Agriculture Plans 
(DAP). wnnv.agri.guiarat.eov.in 
Bhavnagar 
Figure 7.16c Status of non-wild prey (livestock's) availability in talukas of 
Bhavnagar, district at north-eastern periphery of Gir PA. Source: Final Districts 
Agriculture Plans (DAP). www.a&rLguiaratsov.in 
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73.4 Effect of age & sex of problem individuals (leopard and lion) on conflict 
All problem large predators (leopards and lions) were examined for age and sex 
factors. The male to female sex ratios was 576(3' and 489? with ratio 1.13:1 9 for 
leopard and 293'  and 31Y with ratio 0.95: 1Q for lions. In case of leopard, during 
2000-2006, the difference between observed and expected frequencies of trapped 
male and female leopards was highly significant (X2 = 23.8, df = 5, p < a**) while 
during 2006-2012, it was significant (X2 = 13.5, df — 4, p< @*) respectively. 
Variations between observed and expected frequencies of trapped problem leopards 
are provided in Fig 7.17 a & b 
On examination of age factor, leopards illustrated higher frequency for adult 
individuals such as 195, 165, 166, 127, 100, 87 and 60 between age of 3-10 years old 
which followed by sub-adult individuals 85 and 47 between age of 1-3 years old 
respectively. The frequency for old adult individuals was low 43, 42, 2I and 19 for 
more than 10 years old individuals followed by cubs and young ones with frequencies 
of 66, 18 and 6 between Ito 9 months old respectively (Fig 7.19a). Although, most of 
the female leopardesses were found from agriculture fields along with their 
accompanying cubs. Among rescued cubs with their mother leopardesses, about 66 
rescued cubs were of less one month old, while 18 cubs were between 1-6 months 
(Table. 7.5 & Fig 7.19b). Young individuals were rescued rarely which resulted with 
frequency of about 6 individuals respectively. The average for different leopard age 
categories as follows: adult population (128.57f48.97 SD), for sub-adult population, 
(66+26.87 SD), for old-adult population, (31.25+13.02 SD) and for cubs and young 
ones, (30131.75 SD) respectively. Whilst, lion cases were low in numbers than 
leopards and mean of each age structure was calculated as adults 5.3311.15 SD, sub-
adults 4.5±2.12 SD, old adults 2.50+2.12 SD, and cubs 11±2.82 SD respectively. The 
difference in mean population structures of each age category was statistically 
significant (F36 s = 6.77, p < a*, Table 7.5). 
73.5 Human casualties and involved predators (leopards and lions) 
On investigation of human casualties (injuries and fatalities), an increasing trend 
emerged which peaked in the last three years (2010-2012) in case of leopards and it 
dropped during same period in case of lions (Fig 7.20). During 2000-2001, 4% (22) 
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cases of total human injuries were reported in forms of as minor injuries, sever 
injuries, and fatalities which increased five times to 19% (106) (Fig7.21). Large 
numbers of casualties were attributed to leopards (67.14%) compared to lions 
(32.86%) respectively. In case or severity of attacks there were 75.76% minor 
injuries, 15.51% severe injuries and 8.73% fatalities by leopards and 69.06% minor 
injuries, 23.02% severe injuries and 3.24% fatalities by lions simultaneously (Fig 7.21 
a & b). About 5% (53) leopards and 9% (42, few cases were of sickness) lions were 
transported to Sakkarbaug Zoo as these individuals were involved in cases of severe 
human attacks or even fatalities and 84°fo (St 8) leopards and 68% (317) lions were 
released back in core forest. Among remaining large predators few died naturally and 
decision for few was pending (status till April 2012, Fig 7.22). Most of the leopards 
were captured from highly affected talukas such as Kodinar, Veraval, Talala, and 
Dhari and very few from others. 
A total of 72% leopards were captured, repeatedly through capture mark recapture 
technique where 22.72°fo leopards were captured twice, 54.38% leopards were 
captured thrice 24.01% leopard were captured four times, 6.00% were captured five 
times, 2.16% leopards were captured six times and 0.72 leopards were captured seven 
times. Under common strategy of translocation about 650 Ieopards were translocated 
in core area of the Gir WLS (Table. 7.6). 
73.6 Distributional pattern, intensity and magnitude of LPHC through direct 
and indirect CDFs at periphery of Gir PA 
Large predator complaints were plotted on land cover map (5x5kms grids) which 
could be assumed to get accurate distributional pattern of conflict, predators 
movements and coexistence in human dominated areas respectively. Complaints were 
projected on Gir peripheral villages and categorized in terms of low, medium and high 
intensity and magnitude of conflict through both conflict drivers as direct or indirect. 
Affected areas or villages were found to be covering about 30 km distance towards 
northern and southern peripheries and about 55 km distance towards north to eastern 
periphery of the park. And maximum villages covered under low intensity and 
magnitude of conflict and pattern exhibited as 59.24% of villages had low conflict, 
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Figure 7.17a & b Sexual discrimination (d and Y) in terms of number of large 
predators (leopard and lion) during study period (2000-2012) at periphery of Gir PA, 
western India. 
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Figure 7.lSa & b Sexual discrimination (a and Y) in IermsotT observed and expected 
number of problem leopards during study period (2000-2012) at periphery of Gir PA, 
western India. 
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Figure 7.19a & b Age structures of problem large predators (leopards and Lions) 
during study period (2000-2012) at periphery of Gir PA, western India. 
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Table 7.5 Statistical details of population structures of large predators (leopards and 
lions) involved in conflict along with their mean population sizes at periphery of Gir 
PA, Gujarat. 
Age category Frequency MeanfSD Variance 	F 	p 
Leopard Cubs & young 90 30±31.75 1008.00 	326.66 	fi** 
(months 1-9) 
Sub-adult (yearl-3) 132 66±26.87 722.00 	- 	- 
Adult (year 3-10) 900 128.57±AS.97 2398.28 	- 	- 
Old adult(year 10-infinite) 125 31.25+13.02 16958 	- 	- 
Lion- Cubs & young 22 1112.82 8.0 	6.779 	Gtr 
(months 1-9) 
Sub-adult (yearl-3) 9 4.512.12 4.5 	- 	- 
Adult(year3-10) 16 5.33±1.15 1.33 	- 	- 
Old adult(year 10-infinite) 5 2.50+2.12 4.5 	- 	- 
Asterisk (• &•*) are showing high and very high significance. At least one population' mean is 
differing highly from the others. 
® Casualties by leopard 
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Figure 7.20 Status of total casualties by large predators (leopards and lions) in and at 
periphery of Gir PA during study period (2000-2012). 
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Figure 7.21 a & b Status of casualties by large predators (Leopard and Lion) during 
study period (2000-2012) at periphery of Gir PA. 
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Figure 7.22a & b Post captures status of problem individuals during study period 
(2000-2012) in and at periphery of Gir PA. (Hos.-Hospital) 
Table 7.6 Status of recaptured large problem predators (leopard and lion) during study 
period (2000-2012) at periphery of Gir PA, Gujarat. 
Repetition 	Leopards. 	Total repetition 	Lions 	 Total repetition 
II 53 106(12.72%) 	5 	 10 (6.8) 
111 151 453(54.38%) 	- - 
IV 50 200(24.01%) 	- 	 - 
V 10 50(6.00%) 	- - 
VI 3 18(2.16%) 	- 	 - 
VII 1 6(0.72°/) 	- - 
TOTAL 268 833 (100°%) 	5 	 10 (6.8) 
Page 1 301 
Large Predator Human Conflict 
Table 7.7 Cost to tolerate large problem predators (leopards and lions) by local 
peoples in and at periphery of Gir PA. 
Human casualties 	 N 	Compensation amount 
by large predators 	 (20011-12) 
Minor injury 	 1 	5000 
Severe injury 1 	20,000 
Fatality 	 I 	1.5lakh 
27.31% had medium conflict, 13.45% of villages were found to have high leopards 
direct CDF and 69.87% villages had low, 17.99% villages had medium, 12.13% 
villages had high leopards conflict through indirect CDF in the form of depredation 
(Map 7.3 & Table 7.8). In case of lion Livestock depredation, 47.81% of villages had 
low depredation, 21.49% villages had medium depredation, 1425% villages had high 
depredation and 16.45 villages had very high depredation through indirect CDF 
respectively (Map 7.4 & Table 7.8). 
A 6 km buffer was chosen because six to twelve km was found to be mean distance 
which large number of large predators (leopards and lions) traveled away to full fill 
their daily nutritional and ecological. Under all demarcated buffers (mentioned above) 
large number of affected villages were computed under low intensity and magnitude 
of conflict, which followed by medium and high intensity and magnitude of conflict 
respectively. The level of intensity of LPHC varied as distances varied accordingly 
from the park periphery. 
In case of leopards, the proportion of affected areas or villages under low intensity 
and magnitude extended far away from the park periphery followed by medium and 
high intensity and magnitude in each drawn buffer. The pattern was 48.42% low 
conflict areas, 33.69% medium conflict areas, and 17.89% high conflict areas within a 
buffer of 0-6 km, followed by ca 67.65% low conflict, 20.59% medium conflict 
areas, 11.76% high conflict areas within buffer of 6-12 km, followed by ca. 76.19% 
low conflict areas, 17.46% medium conflict areas, 6.35% high conflict areas within 
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buffer of 12-18 km, followed by ca. 78.85% low conflict areas, 15.38% medium 
conflict areas, 5.77% high conflict areas within buffer of 18-30 km through direct 
CDFs, and ca. 60.26% low conflict areas, 24.36% medium conflict areas, 15.38% 
high conflict areas within buffer of 0-6 km, followed by ca. 66.18% low conflict 
areas, 25.00% medium conflict areas, 8.82% high conflict areas within buffer of 6-12 
km, followed by ca. 82.14% low conflict areas, 7.15% medium conflict areas, 10.71% 
high conflict areas within buffer of 12-18 km, followed by ca. 78.38% low conflict 
areas, 8.11% medium conflict areas, 13.51% high conflict areas within buffer of IS-
30 km through indirect CDF (depredation). 
In case of lion, the pattern of proportional contribution of affected areas under low, 
medium, high and very high intensity and conflict magnitude was calculated as ca. 
21.43% low conflict areas, 27.86% medium conflict areas, 20.00% high conflict 
areas, 30.71% very high or most sensitive areas within buffer of 0-6 km, followed by 
ca. 53.85% low conflict areas, 23.93% medium conflict areas, 6.84% high conflict 
areas, 15.38% very high or most sensitive areas within butter of 6-12 kin, followed by 
ca. 66.30% low conflict areas, 14.13% medium conflict areas, 13.05% high conflict 
areas, 6.52% very high or most sensitive areas within buffer of 12-18 km, followed 
by ca. 59.81% low conflict areas, 16.82% medium conflict areas, 15.89% high 
conflict areas, 7.48% very high or most sensitive areas within buffer of 18-30 km 
through indirect CDF (depredation) respectively. 
The first buffer (0-6 km) emerged under very high pressure of LPHC through all 
conflict drivers (direct or indirect) followed by successive buffers (6-12 kin, 12-18 km 
and 18-24 km) respectively (Map 7.4 and 7.5). In case of leopard-human conflict 
through direct CDFs, the low priority areas were identified with number of capturing 
of problem leopards between 0-5 times, followed by medium priority areas with 
number of capturing of problem leopards between 6-10 times and high with number 
of capturing of problem leopards between 11-36 times respectively (Map 7.2). While 
indirect CDF (depredation) portrayed the distribution of low priority areas with 
repeated depredation frequency between 0-10 times, followed by medium priority 
areas with repeated depredation frequency between 11-20 times and high with 
repeated depredation frequency between 21-80 times respectively (Map 7.3). 
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In case of lion-human Conflict through indirect CDF (depredation) were categorized 
as low priority areas with depredation frequency between 0-25 times, followed by 
medium priority areas with depredation frequency between 26-50 times, high with 
depredation frequency between 51-75 times and very high PA with repeated 
depredation frequency between 76-195 respectively (Map 7.4). 
Altogether, through direct conflict drivers, relatively large areas were under leopard 
human conflict. The most sensitive areas identified were at south — western periphery 
whereas, eastern and western peripheries were under conflict pressure to a greater 
distance (e.g. about 50 km in Keshod west and 55 km in Sawarkundla) but with low 
intensity and magnitude of conflict respectively (Map 7.2). The north-eastern 
periphery showed heavy pressure of depredation and economic loss and the north-
western periphery portrayed slightly low level of depredation pressure (Map 7.3). 
In case of lion depredation pressure, it was very heavy pressure of intensity and 
magnitude of conflict within 12 km periphery surrounding the whole sanctuary except 
north-western periphery. It extended towards north-eastern periphery to a distance of 
55 km (Sawarkundla, Map: 7.5). The effect of LPHC between eastern and western 
peripheries from all conflict driving forces were compared and it was found that 
western periphery was severely affected with high intensity and magnitude of LPHC. 
(Map 7.2 & 7.5). 
7.3.7 Growth in human population and land use pattern 
Currently, the human population density has reached 308 persons per km' from 258 
persons per km2 in the past decade. At district levels total population of district 
Junagadh was calculated approximately 2,742,291 people and population of Amreli 
district was calculated approximately 1,513614 people with ratios 1.8:1 as per latest 
provisional figures released by Directorate of Census Operations in Gujarat in 2011. 
The large proportion of the human population was engaged in agriculture and animal 
husbandry practices (www.eityvopulafion.de/india-Guiamt.html). The total forest area 
and cropped area of each district is described in Table 10 (http://agri.guiarat.gov.in). 
In 2011, Junagadh district was reported for an increase in cropped area from 56% to 
61% (2000-2011) and reduction in forest area from 19% to 6% (2000-2011), Amreli 
district reported an increase in cropped area approximately between 74% to 80% 
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(2000-2011) and reduction in forest area approximately between 5% to 4% (2000-
2011), Bhavnagar reported an increase in cropped area approximately between 64% 
to 72% (2000-2011) and reduction in forest area approximately between 3% to 2% 
(2000-2011) (httn://apri.gujarat. oQ v.in). Major cash crops of these districts included 
sugarcane, cotton and groundnut cultivation. The area under sugarcane farming 
showed consistent increase throughout all three districts (Figure 7.23). The area under 
groundnut cultivation was next to sugarcane cultivation in Junagadh district followed 
by Bhavnagar and Amreli districts. (Figure 7.23). In 2000-01, the area under cotton 
cultivation was reported to be approximately 12% in Junagadh district, 5% in Amreli 
district and 8% in Bhavnagar district respectively. In case of Junagadh district it 
dropped in 2004-05 to ca. 5% then increased to 13% till 2010-11. 
7.3.8 Attitudes 
About 60 % local people who responded were not in favour of increasing population 
of leopard and demanded its removal. About 25% local people responded in favour 
while only 15 % local people (specifically Maldharies) did not respond. However 
72% of the respondents were in favor of Lion and 20% people complained about 
heavy livestock losses without any return from the park and 8% did not respond. 
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Table 7.8 Pattern, intensity and magnitude of LPHC between demarcated buffers through direct and indirect CDPs during study period 
(2000.2012) at periphery of Gir PA Gujarat, 
Predator S. Noy Category No. of cases Ranking 0-6 kms 6.12 kms 12.18 kms 18.24 kms 0-30 kms 
Leopard I Low 277 0-5 48.42(46) 6765(46) 7619(48) 78,85(41) 59.24(141) 
Total 2 Medium 44 6.10 33.69(32) 20.19(14) 17.46(11) 15.38(8) 27.31(65) 
Complaints 3 
---.. 
High 24 11-36 17,89(17) 1176(8) 6.35(4) 5.77(3) 13.45(32) 
. 
345 100(95) 100(68) 100(63) 100(52) 100(238) 
Predator S. No. Category No. of eases Ranking 0.6 kms 612 Inns 12.1g kms 18-24 his 0.30luas 
Leopard I Low 314 0.10 60.26(47) 66.18(45) 82.14(46) 7838(29) 69.87(167) 
Depredation 2 Medium 34 I1.20 24.36(19) 25(17) 7,14(4) 8,11(3) 17.99(43) 
Complaint 3 High IS 21-30 1538(12) 8.82(6) 10.71(6) 13:1(!) 12.U(29) 
366 100(78J 10016B) 100(561 100(37) 100(239) 
Predator S. No. Category Noy of cases Ranking 0-6 kms 6.12 kms 12.18 kms IS-24I mss 0-301ns 
Lion I Law 358 0.25 2143(60) 53,85(126) 6630(122) 59.81(128) 47.81(436) 
Depredation 2 Medium 82 26.50 27.86(78) 23.93(56) 14,13(26) 16.82(36) 21.49(196) 
Complaints 2 High 36 51.75 20(56) 6.84(16) 139.4(24) I5.89(34) 14.25(130) 
4 Very high 51 76-158 30,71(86) I5.38(36) 6,52(12) 7,48(16) 16.45(150) 
527 100(280) 100(234) 100184) 100(214 1001912) 
A¢orcsentaonofdalaisas: °%value(no.ofcas& Note 
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7.4 Discussion 
7.4.1 Conflict status 
Although, LPHC is not new phenomena for the country (Saberwal et al. 1994) but it 
sounds very sensitive particularly in case of Gujarat region (Nazneen Zehra et all 
2011, 2012). Any discussion on the large predator human conflict would not be 
completed without understanding the ecological aspect which has been followed in 
this study (Odden & Wegge 2005, Gehrt et al. 2009, Marker & Dickman, 2005, 
Edgaonkar 2008, Balme et al. 2007). In Asia, the leopard has also advantage over the 
tiger and lion through its adaptability to live in the vicinity of humans. And due to 
severe conflict or even frequent attacks on humans this species draws grate amount of 
public attention compared to other large predators and conflict has become an issue of 
global concern. 
7.4.2 Key conflict driving forces (CDFs) 
Several wildlife biologists (Woodroffe 2000, Treves & Karanth 2003, Michalski or al. 
2006) have discussed key causes of increasing large predator human conflict in terms 
of rising human population which results in demand for land and increase in 
availability of non-wild prey species particularly in proximity of the park peripheries, 
fire wood collection, forest fire, deforestation etc. (Weber & Rabinowitz 1996, Mishra 
1997, Khan et al. 2007, Michalski el al. 2006, Johnson et al. 2006, Goyal 2001, 
Treves et at 2006). In case of present study above stated conflict driving forces 
accompanying with lack of awareness and consistent increase in leopard population 
may have probably contributed to make conflict severe (Nazneen Zehra et al. 2012). 
Consequently, growing human population (human population density of Gujarat has 
reported higher 22.48% than the national average growth rate 21.34%) coupled with 
increased pressure on forest in the form of grazing, tire wood collection, land 
transformation and other developmental purposes etc. have all contributed to high 
magnitude of conflict which is very similar to other studies also (Woodroffe 2000, 
Ahmed etal. 2012, Kissui 2008). 
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In others Cr PA reports very high density of both large predators (leopards and lions) 
(source: field experience, participation in censuses of lion and leopard 2010, 2011) 
and their co-existence attributed positively to stray leopards out from the park 
periphery and make their survival easy with alleviated prey availability, low 
competition and ample options of shelters (Bagchi & Mishra 2006, Vijayan & Pati 
2002). Generally, large predators are known to pose serious danger when their 
activities intersect with humans (Woodroffe of al. 2005, Zimmerman of al. 2005. 
Mazzolli et al. 2002, Ahmed et al. 2012). It could be a key fundamental of conflict 
and often results in awful incidents (Vijayan & Pati 2002, Nazneen Zehra et al. 2011, 
2012, Loe 2002). 
Khan of al. (2007) reported data of radio-collared leopardess ecology. It was trapped 
from one revenue village of Talala Taluka and released in core zone of forest 
following radio-collaring. She moved back to revenue areas after three days covering 
average distance of about 1 1k in each movement effort and finally got settled in 
sugarcane field at coastal range of Gir PA. She had covered average 200 ken from 
trapping location and gave cubs twice during this period. Several times she was 
tracked in very close vicinity of the human beings even killed livestock at the cattle 
posts. Goyal (2001) emphasized on preference of leopardess in agro-farms by adding 
that females get poor during gestation and lactation period, require more energy and 
restrict their movements than males. They prefer shelter in agro-trams to raising their 
cubs safely which leads to increase in population (Athreya of al. 2007). As population 
increases intensity and magnitude of conflict automatically increase. Odden & Wegge 
(2005) corroborated to the conclusion through his study in Royal Bardia National 
Park, Nepal where female leopards maintained smallest (5.2-6.6km2) home ranges 
when their cubs were less than six months and move their home ranges closer to 
agriculture fields during the seasons where they found frequent accessibility of prey 
while male leopards were observed to move in proximity to the humans throughout 
the year and there it may have enhanced chances of conflict respectively. 
In present study, the highly dominating CDF predator-human clashes in and around 
agro-farms suggested presence of male leopard in the vicinity of human settlements 
with recovery of large number of cubs suggesting a high population growth of leopard 
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in agro farms (Fig 7.4, &.7.19 b). Large predators have been recognized to be more 
active in dark and to reside in human vicinities (Balme ct al. 2009). Leopard invasion 
in houses occurred due to above said conflict driving force where in dark they stalk 
and act on opportunity. Apart from direct encounters between large predators and 
humans, livestock depredation is more common and has been reported in several 
zones of the world (Ogada el al. 2003, Zimmermann et al. 2005, Patterson et aI. 
2004). Depredation tends to be associated with certain landscape features such as 
vicinity to human habitation and sympatric predators en-existence (Bommel et al. 
2007. Khan et aC 2007). 
7.49 Livestock depredation 
In Gir, depredation incidents by leopard occurred in dark on medium sized prey (goat, 
sheep and calves) while by lions during dusk on large sized prey (buffalo, cow, some 
time camel, horse etc.). The most risky period uflarge predators attack on livestock is 
recognized to late evening and early rooming and that hold true to large number of 
protected areas. (Kissui 2008) reported same risky period of depredation on similar 
sized prey by lion, leopard and hyenas in Maasai Steppe in Tanzania. Due to 
extensive movements in dark, leopards sometime tell in open irrigation wells in agro-
tiaras (Grant et at 1992, Athreya e1 at 2004) and large numbers of such cases were 
recorded in Cir. Kumar & Meena (2012) and Ahmed or aL (2012) analyzed more 
incidents of depredation and prey size preference of large predators and concluded 
that predator like leopards prefer medium sized prey and like lions and tigers prefer 
large sized prey and also reported significant differences between killing pattern of 
wild or non-wild prey species. 
Under the present study maximum cases of depredation by lions occurred at 
peripheral area of the PA which usually are used for grazing purpose while leopards 
depredated either from inside cattle fencings or lifted medimn sized livestock from the 
shelters attached to the houses (Nazncen Zebra at al. 2012). It is also supported by 
Bauer et al. (2010) by adding that livestock grazing at peripheral areas lure predators 
around livestock fencings and settlements and leads to depredation respectively 
(Patterson etal. 2004, Kissui 2008 and Ahmed cr a(. 2012). Leopards generally avoid 
humans and tolerate proximity of humans better than lions and tigers which often 
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clash with humans (Quaarmen 2003, Khan et at 2007). Lions showed high 
depredation pressure (depredation 12% leopard and 88% lion) whilst leopards were 
responsible for large number of human injuries (65.85% leopard and 34.15% lions). 
High depredation rates by lions and leopards under present were in conformity with 
pattern observed elsewhere except in case of Laikipia District, North Kenya [fable 
7.9). 
Seasonal changes also play a role in escalation of level of conflict as it has been found 
that conflict increased in winter season in Gir. Seasonal effects vary regionally as in 
case of lions of Tasavo National Park, Kenya and Tigers of Corbett Tiger Reserve, 
Uttamkband exhibited substantial increase in depredation cases during monsoon 
season (Patterson et at 2004, Kumar et al. 2008). Large carnivores of Amazonian 
forest also exhibited clear peak in depredation during the peak calving period at the 
end of the dry season etc. (Michalski el al. 2006). 
7.4.4 Role of predator personality in conflict 
Few wildlife biologists have argued that critically injured or infirm carnivores were 
especially dangerous to the humans and their livestock (Mishra 1997, Jackson & 
Nowell 1996, Linnell er al. 1999). Patterson et al. (2003) reported that there may be a 
flexible contribution of personality of problem predators either leopard or lion in 
conflict particularly man-eaters which were thought to be certainly old or infirm 
individuals and incapable to hunt wild prey species and easy survival perhaps make 
them habituated to stay outside the park (Vijayan & Pati 2002). But results from 
present study are otherwise where majority of problem predators particularly leopards 
were found in healthy condition with high proportions of adult and sub-adult 
individuals. Leopards attacks on humans were perhaps more due to lack of awareness 
in local people as on average of about 99 peoples are being killed in Indian 
subcontinent per year (Marker & Sivamani 2009) and lions attacks on humans were 
due to nuisance and disturbance simultaneously (Saberwal et al. 1994). 
Few past studies reported that sex of the predator play a role in conflict as males were 
found to kill non-wild prey more than females (Saberwal at al. 1994, Linnell at at 
1999, Ogada el al. 2003) and the same pattern was observed under the present study. 
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7.4.5 Casualties by large predators (leopard and lion) 
Since 2008, it has been observed that about 60% cases of casualties by leopards were 
attempted on migrant laborers by lifting kids from unprotected residences or shelters 
adjacent to agricultural farms and sudden encounters in fields specifically in tall crops 
(Athreya et al. 2007). However, casualties by lions were the results of disturbance 
created by humans or reaction for defense (Nowell & Jackson 1996, Patterson et at 
2003). 
7.4.6 Comparison of severity of conflict from other available studies worldwide 
In comparison of other conflict sites, the results of present study showed heavy 
figures for human injuries and even fatalities particularly by leopards (Table 7.9). and 
this is responsible for negative attitudes of local people towards leopard particularly 
and often resulted in persecution of large predators (Waseem & Khan 2008, Kissui 
2008, Ahmed et al. 2012). During interviews, peoples expressed their views to 
eliminate the leopards from the forests. It also has been documented by Mishra (1997) 
and Bagchi & Mishra (2006) in case of endangered snow leopard. Conflict between 
snow leopard-humans around mountainous range in South and Central Asia has 
widely turned in retaliation. Waseem & Khan (2008) reported retaliatory killing of 
about 15 leopards within during three years of the study (2006 to 2008) by the local 
peoples. Kalaivanan et at (2010) highlighted dislikes of peoples through a review of 
retaliatory killing in Indian sub-continent. 
In contrary lions were tolerated by the local peoples which may be due to lions 
relative benefits through tourism or coast under compensation schemes (Zimmermann 
et at. 2005). Similar magnitude of lion tolerance was found around Greater Kruger 
National Park, South. Africa by considering them as natural heritage (Lagendijk & 
Gusset 2008). 
In case of translocation of problem individuals, it is not recommended scientifically 
because of strong homing instincts exhibited by a wide range of feuds (Linnell et al. 
1999, Sullivan et al. 2004, Treves & Karanth 2003). Since the translocation strategy is 
in practice after amendment to the Wildlife Protection Act (Anon 1972), it is also 
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being implemented in Gir WLS since 2002 and about 268 leopards were trapped 
repeatedly due to conflict problem which contributed to the heavy figure of 833 
leopards simultaneously (Saberwal et at 1994, Vijayan & Pati 2001, Khan et at. 
2007). An average of about 50 leopards were translocated into the National Park each 
year (Vijayan & Pati 2001, Khan etal. 2007). Man eater leopards identified by foot 
print measurement and physiological observations such as body size (Stander 1996, 
Sharma et al. 2003, Stainley & Royle 2005) were transported to zoo. Meena (2008) 
suggested intensive study of capture-recapture cases of problem leopards which 
somewhere relates to preventive measure to reduce conflict problems (Mishm & 
Pitzherbert 2004). 
Few wildlife biologists have commented on translocation process with respect to 
disruption of the existing social setup by introduction of a new individual (Karanth & 
Madhusudan 2002), translocation at alien area forces problem predator to disperse 
towards home (Linnell et al. 1997) eta Beside, recent study of Maharashtra (Athreya 
et al. 2004) has reported strong evidence in favour of this concept. During present 
study, the status of re-capturing strongly supported the concept of possibilities of 
conflict transfer but less in favour of dispersal to their old territories (Khan et al. 
2007). Goodrich & Miquelle (2005) found translocated Amur tigers were involved in 
livestock killing and human attacks. Translocation strategy works effectively to 
convince the local people and make their perceptions positive for conservation 
purpose. 
7.4-7 Most sensitive conflict sites at periphery of Gir PA 
Distribution pattern of both direct and indirect CDFs portrayed that none of the area is 
formally protected from the LPHC and areas of high predator-human coexistence are 
available throughout the whole periphery of Gir PA- Large predators actually pose 
serious threat to human and their livestock in the vicinity of the park periphery due to 
their long movements as discussed earlier (Sabarwal et al. 1994, Michalski et al. 
2006). Jackson & Novell (1996) reviewed problems of large predators and concluded 
that areas in vicinity of the park peripheries are highly vulnerable by adult and sub-
adult large predators. At Corbett Tiger Reserve, Uttrakhand, cases of depredation 
decreased as distance increased. The longest distance at which kill was recorded was 
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23 km from the periphery (Kumar at at 2008). Selection of 6 km buffer around the 
periphery of the Gir PA was done to find significant and relevant pattern of conflict 
for clear understanding of most sensitive LPHC sites. The buffer drawn from the park 
periphery to the distance of 12 km represented severe effect of large predator-human 
co-existence resulting conflict particularly at southern periphery which is highly 
affected by the LPHC and north-eastern periphery showed heavy pressure of lion 
depredation (Map 7.2-7.4). The largest distance covered under LPHC was measured 
about 30 km in north-east. 
7.4.8 Conclusion 
Consequently, LPHC has emerged as a major dispute for conservationist, as reflected 
in conclusions of all conflict studies (Maas & Chaudhry 2000, Loe 2002, 
Zimmermann el al. 2005, Treves & Karanth 2003, Woodrolie 2000, Ahmed et at 
2012). Conservation is directly linked to the cooperation of local community. If 
human population is hostile towards predator, its conservation becomes a huge task 
(Ahmed or al. 2012) and it often creates circumstances of retaliatory killing (Waseem 
& Khan 2008, Goyal 2001). It had been seen effectively responsible for substantial 
reduction in distribution of large predators even in extinction as in areas of cheetah 
from Indian sub-continent (Marker et at 2003a). Hence, the study highlights the wide 
variety of factors that inter-relates to shape local people's attitudes towards large 
predators (Bauer et al. 2010, Ahmed et al. 2012). Accurate identification of conflict 
driver is of great importance because the fate of peripheral population depends on 
their capacity to coexist with humans and it can work as a key factor to implement 
best strategy to mitigate LPHC (Ahmed et at 2012). 
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Table 7.9 Comparative study of attack incidents attempted by largo predators (leopards and lions) in Gir PA and in other protected areas 
tivorldwide. 
Location Other 
Predat 
or 
Lion 
Avg. 	Livestock 
LossfM 
Leopard 
Livestock 
Loss/l4 
Leopard 
Attacks 
Humana) 
Year 
Leopard 
on 	Fatalities! 
Year 
Author 
GirNP&S Yes 136 18.54 46,75 4.08 Present Study 2009-2012 
ImikipiaDistdet, yes 106 31 10gadaeta,,2003 
N,Kcnya 
Masai Steppe, Tanzania Yes 8.25 5.3 3Kissui 2008 
'I•savo NP, Kenya Yes 11.5 - - °Patterson et al. 2004 
Ahmedaugm➢istrict, - - 8.9 - - 5Rahalkar2008 
Mahmashtra 
Pauri District - 12.5 5Goyal 2001 
Jmmar District, - 11,19  25.5 - 'Athreya e1 al. 2004 
Maharashtra 
Sanjay Gandhi National • 13 sM 	From 	Forest 	Department 
Park 5Athrcyaelal.2007) 
NortWestBengal 17.14 Data 	From 	WWF 	India 	1997 
(Ativeya 2007) 
Gil NP&S Yes - - 3 - I°Vijayan & Pau 2004 
Uttaranchal 2.81 "Data From Marker & Sivamani 
2009 
Hima]ayanEco•Rcgion - - - 3.67 t2Waseem&Khan2008 
Of Pakistan 
(•) = data not avaiIaSle 
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Table 7.10 Land use pattern in Gujarat state including districts around Gir PA. 
Categories Gujarat Junagadh Amreli Bhavnagar 
land-use categories Area Area Area Area 
(km2) (km2) (km2) (km2) 
Total area 100% 100% 100% 100% 
total forest area (TFA) 6.00 11.00 3.00 0.11 
Barren and uncultivable land 8.00 2.00 2.00 9.00 
area under non-agriculture use 4.00 3.00 3.00 3.94 
permanent pastures/gauchars 3.00 6.00 4.00 2.93 
culturable wastelands 6.00 1.00 1.00 6.85 
currant fallows 3.00 3.00 1.00 3.15 
other fallows 0.00 0.00 0.00 0.05 
net sown area (NSA) 31.00 34.00 41.00 32.82 
area sown more than once 4.00 3.00 2.00 4.16 
land under misc. Trees and Crops 0.00 0.00 0.00 0.01 
total cropped area 35.00 37.00 43.00 36.98 
Source: Department of Agriculhrre, 1999-2000 
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Table 7.11 Inventory of talukas their areas and number of villages at periphery of Gir 
PA. 
Taluka Area (km) No. of villages 
Talala 555.3 49 
Patan-veraval 391 56 
Sutrapada 353 48 
Kodinar 575 67 
Una 1012 133 
Jafrabad 383 44 
Khamba 638 56 
Rajula 78 
Savarkundla 1260 87 
Dhari 1129 81 
Lilia 4263 38 
Visavadar 804 79 
junagadh 729 72 
Mendarada 397.2 44 
Malia 585 64 
Kcshod 307 59 
Mangrol 608 65 
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Map 7,2 Distribution and status of Leopard-Human Conflict analyzed using cases of direct encounters at periphen of Gir PA (2000-2012), 
Problems were categorized in loka, medium, high status to identiff. high priori nr areas. 
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Map 7.3 Distribution and status of Leopard-H Conflict analyzed using cases of indirect conflict driving force (depredation) at periphery of 
Gir PA (2000-2012). Problems uere categorized in loin, medium, high status to identifN high priority areas. 
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Map 7.4 Distribution and status of Lion HC through indirect ('I)F (depredation) at periphery of Gir PA (2000 -?012). Problems %ere 
categorized in low, medium, high status to identifi high priorih areas. 
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Map 1.5 Distribution and status of Lion HC through direct encounters at periphery of Gir PA (2000.2012), Problems were categorized in low, 
medium, high status to identify high priority areas. 
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75 Conflict Mitigation Guideline 
Hence, finding a way to balance all the conflicting issues a clear LPHC management 
guideline has been developed in form of two approaches: prevention and mitigation. 
A different approach could be represented by changing attitudes towards wildlife 
through education and by ensuring them that affected communities / peoples are 
active participants in wildlife conservation strategies. 
7.5.1 Preventive Measures 
Measures that can prevent or minimize the risk of conflict arising between large 
predators and coexisting humans are as follows: 
7.5.1.1 Understand, Monitor and Evaluate the Problem 
A key step to enhance the ability to mitigate conflict is to gain better understanding of 
the problem at the conflict site, it is essential to have accurate information about when 
and where the conflict occurred. This understanding concurrent implementation of 
appropriate preventive measure to lead a better focus on targeted area and problem 
individual. 
7.5.1.2 Protection of Livestock's in and around Villages 
Villagers around Gir PA should be encouraged and motivated for not keeping their 
livestock unattended during grazing and in return they need to be bewaring of 
surroundings because most of the time lions attack on the individual left behind in 
herd well guarded by keeping them in predator proof cattle fences. These cattle fences 
should be sufficiently high and strong to prevent cattle from breaking out of them and 
particularly leopards from jumping in with minimum outdoors, sufficient thickness 
and height of walls etc. And livestock should not be tethered outside houses. Such 
cattle fences will deter predators away and allow livestock to stay safely. Better 
protection of livestock has been found important key factor to reduce depredation and 
conflict as well (Ogada et at. 2003, LinnelI at al. 1999). Construction of cattle 
fencings at safe distance from the human houses may also reduce vulnerability of 
human lives (Incident no. 9). 
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7.5.1.3 Control of Feral Animal Populations (dogs, pigs, buffalo etc.) 
The availability of dogs, domestic pigs and other animals in and around villages and 
agricultural farms play an important role in existence and survival of leopards outside 
PA. Reducing availability of feral animals substantially may reduce the attractiveness 
of leopards towards such areas (Athreya et. al. 2004) and can lead to reduction in 
population size at peripheral area. Monitoring of radio collared leopardess from July 
2002 to June 2005 showed that domestic prey biomass (dogs, pigs, buffalo etc.) 
contributed substantially to leopardess diet allowing her to survive and breed 
successfully (Khan et al. 2007). 
7.5.1.4 Managing the Size of Leopard Population 
There are a number of approaches to manage the size of leopard population to reduce 
the risk of escalating LHC and for that following steps may be considered to manage 
the population size of leopard in Gir PA. 
7.5.1.4.1 Fertility Control for Leopards to Be Released 
As an alternative to killing animals, their fertility can be controlled as a means of 
limiting their populations. Fertility control of wild animals could be achieved by a 
variety of mechanical, surgical, or endocrine disruptive methods while immune-
contraceptive method would be available very soon to implement on case. Currently, 
this easy method is under experimental stage and is successful on fox and small cats 
(Personal communication with Veterinary Prof. Kraemer, D.C., Texas A&M 
University, US) and it would be available very soon to implement on large carnivores. 
Contraception as a wildlife management tool was attempted on elephants of Kruger 
National Park, South Africa but it met little success (Butler 1998). Onwards since 
2002 it has come again in practice with success to control size of elephant population 
(Delsink & Kirkpatrick 2012). It is recommended that a pilot project in Gir may be 
initiated urgently on experimental basis to evaluate impact of fertility control 
measures on size of leopard population particularly outside the park. Limiting 
breeding potential of released problem leopards will offer an effective tool to reduce 
population size which intent may lead to reduction in LHC. 
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7.5.1.4,2 Fertility Control for the Leopards Not to Be Released 
Leopards captured from outside Cur PA are transferred to either zoo or to leopard 
safari park, Devalia. In captivity, both "male and female" should be isolated 
eliminating any possibility of reproduction so that the captivity facility will not get 
overcrowded. Besides, the females should not be kept near males because the 
presence of a male causes the female to come into estrous frequently and can lead to 
medical problems (Athreya et al. 2004). 
7.5.1.5 Framing Policy for Culling/Removal/Eradication of Problem Leopards 
Culling by managers to reduce population size of wild animals, reduce damage to 
habitat, and reduce human-wildlife conflict or for revenue generation it has been an 
integral and regular management practice in almost all African and American 
protected areas (Patterson et a). 2004). No policy guidelines on culling of wild 
animals as well as wildlife on private land exist in India and given the widespread 
wildlife-human conflict across India, such policy guidelines should be evolved and 
put into practice in India in general and particularly for Gir. It is recommended that in 
order to deal with severe large predator-human conflict around Gir PA, the managers 
must be empowered with policy guidelines to eradicate problem leopards to reduce 
conflict on long term basis and also to safeguard the sole objective of lion 
conservation which may not be achieved given the severe leopard-human conflict. 
7.5.1.6 Education and Awareness for Local Communities 
Athreya & Belsare (2007) provided general guidelines on education of local 
communities which must be adopted in Gir too. Children must be supervised because 
small children are especially vulnerable for leopard attacks. Educate local 
communities through organizing nature camps, distribution of pamphlets, story books 
containing preventive measures for avoiding leopard-human conflict. Never chase or 
surround a predator because chances of attacks become high when they become 
stressed. The predator should never make disturbed by throwing the stones etc. 
specifically if it is on a kill. It makes the individual aggressive and chances of attack 
become high from such individuals. If, leopard invades in a house, trap the leopard 
same time at same place by closing the door carefully and quickly inform forest 
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department for its rescue, The villagers should always carry a wooden stick or an axe 
if they are moving in agricultural areas and should announce their presence by hitting 
wooden stick on ground, making noise etc. It may alert the existing predator and may 
reduce chances of attacks. The local media may also be involved in creating 
awareness among masses in and around Gir PA (Incident no. 2,4, 6 and 7). 
7.5.1.7 Permanent Shelters for Migrant Farm Laborers 
The change in cropping pattern over last 20 years has revealed its contribution in 
escalation of LPHC in and around Gir PA. The farmers have adopted for development 
of mango orchards and sugar cane farming and these cultivations are utilized for day 
resting by the large predators (leopard and lion). Villagers around Gir PA employ 
migrant farm laborers from Maharashtra and Rajasthan to harvest the sugar cane crop. 
These families live in open shelters in agricultural farms and remain vulnerable 
particularly for leopard attack (incident: 1). It is recommended that this practice must 
be stopped and villagers should be encouraged to construct predator proof shelters for 
these families in gram panchayatlgram Sabha common lands so that large predators 
attacks on such families, which take place during harvesting season each year, may be 
completely avoided (Incident no. 4 and5). 
7.5.1.8 Landscape Management and Land-Use Modification 
Large predator human conflict can be reduced, perhaps in some cases totally 
prevented, by implementing changes to the natural resource to its surroundings that 
causes the conflict. This can be achieved by altering the resource itself, the way it is 
managed, modifying the resource's habitat, or making changes to the surrounding 
landscape. Economic loss can be reduced by making changes near the resource so that 
the problem individual is easier to spot by humans and dogs, and generally less at ease 
in the area. For instance, a farmer can remove thick cover from new cattle fences 
areas. A landscape approach to reducing LPHC might hence involve growing crops in 
large communal fields with straight edges, fences or thorny or spiny hedges. The 
long-term solution to LPHC will often lie in better planning of land-use in problem 
areas. 
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7.5.2 Mitigation Approaches 
Although prevention is clearly the best option, but at times reactive approaches are 
required after large predator-human conflicts have occurred. The main approach 
under this heading is Problem Animal Control (PAC), most often undertaken by the 
national wildlife authority. The `problem animal' can be captured for translot ation. 
In LPHC it is obviously desirable to focus on those individuals actually causing the 
problem or at least to target the pride of lions whose home range includes the site 
where the problem is occurring. In reality, often the problem animal is not identified, 
but rather any individual is being killed to satisfy the demand for action and revenge 
by the aggrieved community—especially in the case of loss of human life or the heavy 
Loss of livestock. In such a situation the action by the wildlife authorities may have 
public relations value but in all probability the problem predator will survive and 
continue to inflict damage. In contrary, there should be some initial attempts to 
identify `problem animal' to enhance effect of controlling measures. For instance, 
during 2011, due to leopard-human conflict case at bhojdey village. situated in Talala 
taluka, the problem leopard was identified among six captured individuals from the 
main incident site with the help of foot prints traced as true evidences. The operation 
was succeeded in pre-summer season in a collaborative effort between rescue team of 
sasan Gir and leopard research team of Aligarh Muslim University, under leopard 
ecology Project. Because, generally, in Indian subcontinent, it is not permitted to 
destroy any schedule I species by law (Marker & Sivamani 2009). Problem Animal 
Control (PAC) is especially difficult when endangered species are implicated — in that 
case capture and release (translocation) of problem individuals may be a preferable 
optional method for those predator individuals who petrol very frequently in village 
streets or kill livestock's in sequence. 
75.2.1 Capture and Release (translocation) of Problem Individuals 
Capture and release (translocation) of problem large predator is a regular management 
practice throughout India as it gives the problem individual a second chance at the 
released site. However, the efficacy and success of this practice is debatable and 
needs validation through a well designed experimental project. It has been a general 
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management practice in (Hr PA since before 2000 in which captured leopards and 
lions from outside area released back at appropriate sites inside Gir PA. Telemetry 
studies in past in Gir (July 2002-June 2005, Khan et al. 2007) and captured recaptured 
data of leopards and lions of last 12 years suggest a clear trend of large number of 
leopards moving back outside Gir PA after their release in mid forest and creating 
conflict again. Hence before translocation, individual history should be studied 
carefully and if individual has crossed threshold frequency (III) of recapturing, it 
should not be released inside Gir PA. Such predators should be transferred into 
leopard rescue centre, Devaliya Park as mentioned earlier. Translocation of problem 
individuals as a management practice has been found to have relatively low success 
rate in general (Karanth & Madhusudan 2002, Breitenmoser et aL 2005), but quite 
successful in specific cases too (Slander 1990, Goodrich & Miquclle 2005, Fontu'rbel 
& Simonelli 2011). In case of Gir PA, a total of 268 leopards were recaptured in 
period of 12 years. Of than frequency of recapturing represented as 53 (l1°4 timcrs), 
151(IIIN timers), 50 (IVt timers), 10 (Vu' timers), 3 (VII timers) and 1 (VII"timers) 
which represent ca. 72% of total cases. If history of recapturing of problem 
individuals would have been studied scientifically before their release, the problem of 
large predator human-conflict (LPHC) around Gir PA could have been reduced ca. 
62% significantly. However the managers can only keep a limited number of such 
animals in captivity due to resource (funds) constraints and a policy at national level 
is now long overdue to deal with animals which have crossed threshold frequency of 
recapturing. 
7.5.2.2 Winning Hearts and Minds 
The next approach to dealing with LPHC involves changing the attitude of affected 
local peoples through education, consolation payments and broader sharing of 
benefits associated with the presence of wildlife. Otherwise circumstances of 
retaliatory killing can develop. 
7.5.2.3 Review of Compensation Policies and Schemes 
The policies regarding compensation to local communities for economic loss or even 
loss of human lives should be reviewed frequently. The compensation should be given 
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as quickly as possible. Delay in payment of compensation money may prove to be 
counterproductive with villagers developing negative attitude towards conservation 
and also the forest department. There is a need for developing a policy framework for 
evolving livestock insurance scheme around Gir. The forest department may 
contribute by subsidizing the insurance scheme for livestock around Gir. The role of 
NGO's which may want to contribute in payment of compensation money may also 
be encouraged. Compensation grant should be renewed at interval of every five years 
as per true market values of livestock's. Because market values of livestock's get 
changed frequently (Table 7.4). 
7.5.2.4 Integrate LPHC Management into Wider Conservation Objective 
Managing LPHC should be a part of larger conservation and development objectives 
for species wellbeing and peoples livelihoods. It should be integrated within the 
management objectives of different wildlife management strategies such as law 
enforcement, effects on habitats and biodiversity, and benefits occurring from wildlife 
Uses. 
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guideline 
Preventive 	I I 	Mitigation 
measures measures 
Understand, monitor & j I Capture & release of 
evaluate the problems 	 problem individuals 
Protection of I I Winning hearts 
hvestacks In 
villages 	 & minds 
	
Control offe al animal population I 	I Review of compensation (dogs, pigs buffalo erc) 	 pa(rces & scheme 
Managing the size 	Ferpgl 
Fertility control for 	of leopard 	the an the animals to be popolatlon 6e released 
Framing palicy far 
culling/removal/eradication of 
problem leopards 
cation & awareness 
local camrnuniti s 
management Into wider 
Permanentshelters for 	 conservation objectives 
migrant farm laborers 
and use 
Flow chart 7.2 Guideline for  large predator human conflict (LPHC) mitigation prepared to 
follow in and around Gir PA. 
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Plate: 7.3 Translocation strategies can be successful to mitigate conflict: if history of 
capture—recapture of problem individuals has been studied in detail. 
To conclude, it is noteworthy that many of the cases of conflict between people and 
large predators create awful circumstances around Gift WLS especially in case of loss 
of lives. Conservation of large carnivores becomes a challenging task in such 
circumstances. Several cases of leopards and lions attacks on human beings were 
observed and recorded during the study period. Few of the case studies are as follows: 
1. March 4a' 2011: During a case study, one child (4-5year) was lifted by leopard form 
a laborer's temporary shelter from Bhojday village in Talala range. The incident took 
place during night and body was recovered next morning about 400 in away from the 
incident site. Leopard was found resting nearby body which was partially consumed. 
On seeing the crowed the leopard left the site and body was taken in the custody. 
Fresh foot prints of problem leopard were traced immediately to keep as evidence. 
During actual problem leopard trapping operation about 5-6 leopards were captured 
from the incident site and compared with pugmarks tracings. At last problem same 
leopard was captured and transported to Sakkar Bagh Zoo. 
2, April 17th 2012: A 35 year's old man was brutally attacked and killed by lion in 
Dholadri village of Rajula Taluka, Amreli. On investigation, the reason of attack was 
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found that the lion was on cow kill and the victim with his friend had tried to disturb 
the lion by pelting stones which angered the lion. 
3. May 29th 2012: Another incident took place in Otha village of Bhavnagar. A lion 
pride ventured very close to the livestock and hunted it. Next day a mob gathered and 
disturbed the lions pride and in turn one of them attacked mob. In this incident two 
people got injured. 
4. March 22" 2012: An eight year-old girl was attacked by leopard in Inaj village of 
Veraval Taluka where three attacks were reported by leopards within two months. In 
one incident one-year old girl of migrant laborer from MP was killed by leopard in 
sugarcane field while in another incident 12-year old girl was dragged and killed by 
leopard in Ghantiya village of Sutrapada taluka in Junagadh district. During leopard 
trapping operation three leopards were captured from the same site. These incidents 
occurred due to lack of awareness. 
5. March 3id 2010: 8-years old girl of a Rajasthani laborer family was lifted by 
leopard in early morning at periphery of Gir PA in Bhad village of Khamba Taluka, 
Amreli. The incident took place in the field where the girl was asleep along with her 
family members outside her temporary shelter 
6. October 23rd 2010: A leopard attacked 10-year-old girl during night in Mora] 
village of Veraval taluka, .IND. The girl had gone for nature call when the leopard 
pounced on her. 
7. March 3'd 2010: The leopard attacked 5 people. The incident took place when two 
people were on their way to work in a sugarcane field in Iswariya village of Veraval 
taluka. The leopard jumped out from behind the tall crops and attacked them. Many 
peoples who heard their cries, rushed there to rescue. In return leopard attacked three 
more people. The villagers were shocked after five persons in the village were 
attacked by a leopard. They got relieved since the caging of four leopards from the 
area was done. 
8. March 1" 2010: A lion attacked a shepherd in Halariya village of Bagasara Taluka 
at the periphery of Gir PA. He was grazing his herd of sheep and goats when suddenly 
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lion attacked one of the goats and killed it. When shepherd tried to scare away the lion 
it attacked him brutally. 
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Appendix I 
Details of trapping efforts done during radio-collaring operation between June 6's to 
10th during 2009 in Gir Lion Sanctuary, Gujarat. 
Date Tmp 
no. 
Trap station 
- 
Result GPS HB 
0616/09 1.  Kadeli Nil 211232N, T 
703550E A 
Z 
2.  Bhandargara Nil 211437N, T 
703457E M 
07/06/0 1.  Kadeli Shutter fallen cause 	of 211232N, TA 
9 some disturbance 703504E Z 
2.  Bhandargata Nil 211437N, T 
703457E M 
08/0610 I. Kadeli (R) Lioness Entered 211237N, TA 
9 703540E Z 
2. Shandargara (R) Nil, but foot prints found 211437N, T 
at dis. 703457E M 
Of 50m at water point. 
3.  Jambuthala Nil 211459N, R 
703711E 
4.  Pachali Nil, only foot print found 211321N, TA 
around the cage 703349E Z 
5.  Sawajwala Bagh Nil[ 211120N, R 
703730E 
09/06/0 1.  Nanawa Nill 2L1158N, R 
9 703706E 
2.  Bawalwali Kundi Two leopards visited site. 211239N, TA 
Two sets of foot print 703807E Z 
found around the cage. 
3.  Paniya china Leopard 	visited site. - R 
Found print. 
4.  Sawajwala Bagh (R) NIL 211125N, R 
703735E 
5.  Mindholiwala NIL R 
6.  Talbela NIL 211054N, TA 
703624E Z 
10106/0 	1. Kundivadla One 	male leopard 211205N, R 
9 	 - captured 703532E 
2.  Pachali (R) One 	male leopard 211321, TA 
captured 703349 Z 
3.  Raidy NIL 211256N, R 
703440E 
4.  Valadra Nil R 
5.  Sawaj-Welabagh (R) Nil 211120N, R 
703730E 
6.  Paniaguna Nil - T 
M 
7.  Jambuthala ( R) Lioness entered 211459N, R 
703711E 
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8. Talbcla (R) Nil 211001N, TA 
703625E Z 
11/06/0 1. Paniaguna Nil T 
9 M 
3.  Sawajwala Bagb (R) Nil R 
4.  Valadra (R) One 	male leopard R 
captured 
5.  Sawajwalabagh(R) Nil R 
6.  Jambuthala(R) Nil T 
M 
7.  Talbela(R) Nil 211111N, T 
703636E M 
8.  Kairamba 	. The bait was stolen by 211558N, T 
leopard 703314E M 
12/06/0 1.  Dediaguna Nil 211516N, R 
9 703316E 
2.  . Paniaguna(R) Nil T 
M 
3.  Aamliyara Ni] 211356N, R 
703544E 
4.  Juniraidy Nil 211230N, T 
703351E M 
5.  Sawajwalabagh(R) Nil R 
6.  Chodie Nil T 
M 
7.  Takiwala Nil - T 
M 
8.  Kairamba(R) The bait was stolen by 211558N, T 
leopard 703314E M 
1310610 1.  Dediaguna Nil 21 (SIGN, R 
9 	_ 703316E 
2.  Paniaguna(R) Nil T 
M 
3.  Aamliyara(R) Nil 211356N, R 
703544E 
4.  Juniraidy(R) Nil 21123014, T 
703351E M 
5.  Sawajwalabagh(R) Nil R 
6.  Chodia(R) Nil T 
M 
7.  Talciwala(R) Nil - T 
M 
8.  Kairamba(R) The bait was stolen by 211558N, T 
leopard 703314E M 
Note: HB—Habitat, (R ), TM (teak mixed forest), R (riverine), TAZ(teak acacia 
ziziphus) = repeated cage irap. 
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ADPendix II 
Flora of Gir Lion Sanctuary 
No. Local name Botanical name Family Vegetation 
I Ramfal Annona reliculata Annonaceae T 
2 Sitafal Annona s uamoso T 
3 Umbadi Aliliusa lomenlora T 
4 Asopalav Pol 1thia lon 	'olio T 
5 Venivel Cissampelos pereira Men is ermaceae C 
6 Kari pat Cyclea peltata C 
7 Vevadi Cocculus hirsuiw C 
8 Valur Cocculus pendulus C 
9 Gala Tinos ora earth olio C 
10 Darudi Argemone mazicanu Pa averaceae H 
II Po ana Nyinphaea stellata Nymphaeaceae FI 
12 Rai Brassica 'uncea Brassicaceae H 
13 Mule Ra hanus sativus H 
14 Kali rai Brassica ni 	u H 
15 Cornopus di 	us H 
16 Cobbi Brassica oleracea H 
17 Le idiom sailvum H 
18 Thikari Capparis grandis Capparaceac S 
19 Telio hendcand Cadaba indica S 
20 Kerdo Capparis decidua S 
21 Telio hemkand Cadaba 	ticosu S 
22 Nani Tilavni Cleome burmanni H 
23 Kanther Capparis se iaria H 
24 Ubhi talvani Cleome chrlidonii H 
25 Pili tilvan Cleome viscosa H 
26 Dholi Talvani Cleome gynondro H 
27 Hemakand Maerua arneria H 
2R Vayvamo Crataevanurvala T 
29 Hamkand Maerua oblon ' olio C 
30 Kahudo Tamarrx ericoides Tamaricaceae S 
31 Lodri Flacourtia indica Flarourtiaceae T 
32 Caseariu eli uca T 
33 Pili Bhon 	an Polygala chinensis Polygalaceae H 
34 Poiygafa erio tern H 
35 Poiygata persicaricefolia H 
36 Mott Luni Portulaca oleracea Pormlacaceae H 
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37 Moti Luni Portulaca grandjflora H 
38 Zini Luni Portulaca uadri ida H 
39 Vithi Kharssn Ber is ammannioides Elailnaceac H 
40 Bergia su ra6cosa —~, H 
41 Deshi kapas Gossypium herbaceum Malvaceae S 
42 Jasud Hibiscus rosa sinensis S 
43 Khali Bhindi Hibiscus sabdari a S 
44 Hibiscus lobutus s 
45 Bala Sida acura S 
46 Sida orientalis S 
47 Kautali Bala Sida spinosa S 
48 Bhoy Bala Sida veronici olio S 
49 Paras Pilo Thespesia popWnea -- S 
50 Jasud mbiscw schizo 	talus S 
51 Bhindi Abelmoschus an rulosus Malvaceae H 
52 Bhindo Abelmoschus escunentus H 
53 Jangli Bhindi Abelmoschus man/hot H 
54 Kluipat Abutilon indicum H 
55 Ka at Abullon laucimr H 
56 Pavonruz 	lalica H 
57 Bala Sida acula H 
58 Sida rhombifolia 11 
59 Sida lutinosa H 
60 Chanak Bhindo Hibiscus ovali olias H 
61 VagadauBhindo Urena lobata H 
62 Azanza lamas T 
63 Mali Hirvani Kydia cal ina T 
64 Shimlo Bombax Ceiba Bombacaceae T 
65 Rukhado Adansonia di itata T 
66 Kapok Ceiba pantandra T 
67 Waltheri indica Sterculiaceae S 
68 Marda sirigh Helicteres isora S 
69 Chhunchha khapat Melochia corchor/lia H 
70 Sardol Stercvlia villosa T 
71 Kadayo Slerculia wrens T 
72 Kodaro Firmiana colorata T 
73 Rudraksh Guazuma ulmi olio T 
74 Badam Sterculio oetido T 
75 Church Corchorus aestuanus Tiliaceae S 
76 Patt-shak Corchorus olitorius S 
77 Jan $i church Corchorus nilocularis S 
78 Zipti Trium etta rotundi olio S 
79 Corchorus capsularis H 
80 Corchorus de ressus H 
81 Gorchorus ascicularis H 
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82 Zipti Tnumetra rhomboidea H 
83 Gan eti Grewia tenax T 
84 Khad Dhaman Grewia hirsuta T 
85 Dhaman Grewia tilrae olio T 
86 Bhamso Fagonia credca Zy o hylaceae S 
87 Mitha Gokharu Tribnlus terracing H 
88 Pe anum harmala — — H 
89 Gulmedi Impatiens balsam ina Balsaminaceae S 
90 Risamani Bio h tum sensiBvum Oxalidaceae H 
91 Navari Oxa its corn iculala H 
92 Zarer Bio 	imn sensitivum Geraniaceac S 
93 Billi Ae le marmelos Rutaceac T 
94 Limbo Citrus limo T 
95 Mitho Limdo Murraya koeni ri T 
96 Arduso Ailanthus exceLsa Simarubaceae T 
97 In orio Balanites aegplica T 
98 Saledi Boswellia serrata Burseraceac T 
99 Kakad Garu o innala T 
100 Guga1 Commiphora wi hiii S 
101 Limdo Azadirachta indices Meliaceae T 
102 Bakam limdo Melia azaderach T 
103 Ragatrohido Soymidafebnfuga T 
104 Madhavilata Hi to a ben halensis Mali 	iaceae C 
105 Mal Kankni Celastnrs paniculala Cclastraceae C 
106 Vikalo Ma tenus emer inara S 
107 Bordi Zi_ 	hus glabrata Rhamnaccac S 
108 Bar Zi2yphus manritiana S 
109 Chani-Bor Zizyphus nummularla S 
110 Bordi-veln Zizy hus Deno lies S 
111 Ghat-Bor Zizy hus xylopynls S 
112 Chani-Bor Zi 	hus rotundi lies S 
113 'Jau IiDmlcsh Am elocissus lati olia Vitaceae C 
114 Ca ratia auricukzla C 
115 Khat-khatumbu Ca aria cnrnsa C 
116 Gando Veto Cissus re ands S 
117 Kak-mardika 
Cardiospermum 
halicacabum Sa indaceae C 
118 Aritha Sapindus emar inalus T 
119 Aritha Sa indus Lauri olius T 
L20 Moyano Laanea coromandelica Anacardiaceac T 
Sam vo Morin a olei era Morin aceae T 
 Sam ave Morin a coneanensis T r Leen ed eworlhii Leeaceae H  Vekario fndi ofera landulosa Fabaccac S  Gali Runchdi Indi o era hirsuta S 
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126 Gali-Naai Indi o era lini olia 1 S 
127 Indi o era tenui olio S 
128 Indi o era bits S 
129 Bavechi Psoralea cozy!ifolia S 
130 Sarpankho Te hrosia purpurea S 
131 Te hrosia linctnria S 
132 Sarpankho Tephrosk villosa S 
133 Tuvar Coons cajan S 
134 Chanothi Canava!ia ensi ormis 11 
135 Mangfali Arachis hypogaca H 
136 Ghana Cicer arietinum H 
137 Ekpani pandadiyo Desmodium as eticum H 
138 Desmodium neomexicaman H 
139 Desmodium repandum H 
140 Desmodium rotundi olium H 
141 Zinc ymidadiyo Desmodium tri orum II 
142 Indi o ara astra allina H 
143 indi o ara lnctoria H 
144 .Ihinko Sarpankho Te hrosia stri gases H 
145 Canavalia maridma H 
146 Bhoy ikad Acsch nomene indices H 
147 Samervo Al sicar us procmnbens H 
148 Al sfcar us tetra Bono H 
149 Alysicarpus rag/nails H 
150 Jangli Shan Crotalaria le tostach a H 
151 Bhakho lndi o era cordi olio H 
152 Cha 	k-veto Pseudarthria viscida H 
153 had Sesbania bispinosa H 
154 Ja anti Sesbania sesban H 
155 Smithia con eram H 
156 Smithia sensitive H 
157 Jethi-madh 7averniera cunei 	lies H 
158 Te hrovin pwnica H 
159 Tephrosia labialis H 
160 Samara Pani Zornia di h lla H 
161 Khakharo Butea monos enna - T 
162 Sisoo Dafbergiasissoo 	- T 
163 He landia lalebrosa T 
164 Karan' Denis indices T 
165 Jangario Khakhro Erythrina indica Fabaceae T 
166 Karanl 'Pon amfa pinmates T 
167 Biyo Pteraca 	us mar.ru ium T 
168 Mukhnali Fa i o Rhynchosia rothii C 
169 flgna trilobara c 
170 Atylosia latyca 	a C 
Page 1 376 
171 Khakhar-veto Buteasu erba C 
172 Alad Canavalia gladiata C 
173 Kavach-kc li Mucuna prurita C 
174 Mudhag Phaseolus radiates C 
175 Pueraria thumbergiana C 
176 Pueraria hiberosa C 
177 Kamal vel fly,ichosia bracreata C 
178 Hathdhonani Rh nchosia minima C 
179 Mash-Pami Teramnus labialis C 
180 Piloasuadro Bauhinia tomentosa Caesa] iniaceae S 
181 Kash-mard Cassia occidentalis S 
182 Chamodio Cassia 	lla 8 
183 Kuvadio Cassia tors S 
184 Chimed Cassia absus H 
185 Aval Cassia auriculata H 
186 Kanchnar Bauhinia ur urea T 
187 Apto Bauhinia racemosa T 
188 Garmalo Cassia(istula T 
189 KrushnaMoksh Cassia gkiuca T 
190 Kasid Cassiasiamea T 
191 Anjan Hardwickia binnata T 
192 Khatichamol Piliosti mo matabaricum T 
193 Amli Tamarindus indica T 
194 Gulmohar Delonix re to T 
195 Ram Baval Parkinsonia acuneata T 
196 Tamarafali Pelto hnrum lerocar um T 
197 Kaeki Caesal inia bonducella C 
198 Kai Baval Mimosa hamara Mimosaceae S 
199 Deshi Baval Acacia nilotica T 
200 Goras Amli Pithecellobium duke T 
201 Kber Acacia catechu T 
202 Kha' ar Acacia erru inea T 
203 Hereto Acacia leuco hlaea T 
204 Gorad Acaciasene al T 
205 Sims Albizia lebbek T 
206 res dlbizra procera 'C 
207 ims Albizia odoratisxima T 
208 Mor-dhundhiyu Dichrostach s cinerea T 
209 l Leucaena leucoce halo T 
210 baval 
MKheiari 
Proso is juli ora T 
211 Prosopis cineraria T 
212 arsado Samanea saman T 
213 el Acacia ennata C 
214 Rosas . Rosaoeae S 
215 Myrio h llum interrnediurk Halom idaceae H 
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216 Dhavado Anogeissus lati olia Combmtaceae T 
217 Madhumal6 Quisgutilic indica C 
218 Madvel Cambrelum nvali olium C 
219 Aajunsadad Terminalia ar jam T 
220 Janglijambu Syrygiwn cumin/ Myrtaceae T 
221 Jambu Syrygium ntbicundum T 
222 Nilgirc il ' Eucalyptus glabulus T 
223 Psidium guafava T 
224 Janglijambu Sysygiwn hepzeanum T 
225 Lal agio Ammannia hacci era Lythmceae H 
226 Zino a io Ammannia tenutf o(ia H 
227 Zinko led agia Rotala ser ylli olio H 
228 Zino agio Ammannia multi ora S 
229 Mendi Lawsonia inennis S 
230 Pashan-bhed Rotala tennis S 
231 Dhavadi Mond ordia fruticosa S 
232 Satodo Trianthema pnrlulacastnari, H 
233 Zole 	decant H 
234 Pvnica granaiwn Puniceae S 
235 O unlia elatior Cactaceae S 
236 Mitho-okhand Clines lotoides Mollu inaceae H 
237 Pa et Mollwgo Acnm  h lla II 
238 Mollu o nudicaulis H 
239 Mollugo opposisjfdia H 
240 Satodo Trianlhema decandra S 
241 Ludwigia perevinis Onagraccae H 
242 Kothmir Coriandrum sattvum A iaceae II 
243 Papaya Carica papaya Caricaceae S 
244 Krishna kamal Pws 	ora edulis Passifloraeeae H 
245 Blastania tmbrisli ula Cucurbitaceae C 
246 Rakhodi o Citrullus colo 	this C 
247 Ghiloda Coccinia grandis C 
248 Coraflocarpus con ocar us C 
249 Karela Monordica charanlia C 
250 Vanz-kantoli Momardica dioica C 
251 Trichosanthes cucvmerina C 
252 corallocar us e i gases C 
253 ctenoloe is cerasi ormis C 
254 Sivlin i Di loc clos paimatus C 
255 Brynnopsis laciniosa C 
256 Tindora Coccinia indica C 
257 Kothimdu Cucumis callosus C 
258 Tuna Luffa aculan 	la C 
259 Kukadvel LuiTh echinata C 
260 Melothria maderaspalana S 
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306 Sclerocar us a 	'canus I I 
307 Gorakh Mundi S haeranthus indicus H 
308 Brahm Dandi Trichole is glaberrirna H 
309 PardesiBhangro _ 	_ Tridrex procumbens 
Vernonia anthehnintica 
11 
H 310 Kalijiri 
311 Sahadevi Vernonia cinerea H 
312 Sonasali Vicoa indica H 
313 Volutarella ramosa H 
314 Gokhm Xarrthium strumarium H 
315 Shulioutkanro Echinops echinalus H 
316 Chitrak Plumbago zeylanica Plumbaginaceae C 
317 Mahudo Madhuca indica Sa otaceae '1' 
318 Rayan Manilkara hexandra T 
319 Borsali %ftmuop elen i T 
320 Timru Diospyros inc lanox lon Ebenaoeae T 
321 Moro ✓asminum multi arum Oleaceae S 
322 Mokho Schrebera swietenioides T 
323 Jai Jasminwn exile . C 
324 Pan'atak Nyctanthes arbor-trish's T 
325 Karamda Carissa congesta Apocynaceae S 
326 Karen Nerium indicum S 
327 Lochnera roses S 
328 Tagar Ervatamia divaricala S 
329 Pili karen Theyetio peraviana S 
330 Barmasi Catharanthus roseus H 
331 Dudhalo Wri htia tincioria T 
332 Karakdo Holarrhena antidysenterica T 
333 Made Calotropis Rigantia Ascle iadaceae S 
334 Kundher Cero a is bulbosa C 
335 Khirdodi Holostemma annularium C 
336 Vacheti Telosma allida C 
337 Leptadenia pyrotechnica C 
338 Coxmosli ma racemosum C 
339 Dudhvel Hemidesmus indices C 
340 Nani dodi Le ladenia reticulate C 
341 Oxystelma esculentum C 
342 Per •ularia daemia C 
343 Ankdo Calotrop is procera S 
344 Mitreola oldenlandioides Le aniaceae C 
345 Zinkukariatu Canscora di use C 
346 Mamegevo Enicoslemma hyssopifoliwn Gentianaceae C 
347 aacum edunculalum H 
348 Ho 	ea dichotomy I1 
349 Vadgundo Cordia dichotoma Ehreticeae T 
350 Nani gundi Cordia hara T 
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351 Kath undi Cordin mono/ca T 
352 Dantrango £hretia laevis T 
353 
Haplophragma 
adeno h llum Rignoniaceac T 
354 Tern Ororylum indicum T 
355 S athodea cam 	nulata T 
356 Padad Stereos emum personaturn T 
357 Ragat rohido Tecomelln undulata T 
358 Undhafali Trichodesma lndiatm lioraginaceae S 
359 Okharad Coldenia procumbens H 
360 Pilo Hathsundho Helinlro ium subulamm H 
361 Ghedio Okharad Heliotro ium sup/urn H 
362 Undhafuli Trichodesma am lexicaule H 
363 Dudhvel Hemidesmus indices Periplocaceae C 
364 Samudrasok .4r 	reia sericea Convolvulaceae C 
365 Shankhavali Ar 	reia3erlcea 1.1 
366 Evolvulus nummularius H 
367 Undardi Merremia an erica H 
368 Shankhavali Convolvulus micro h llus H 
369 Kalishankhavli Evolvulus alsinoides H 
370 V 	h adi 1 omoca pes-tigridis C 
371 Ganesh Vol I omoea guamodit C 
372 1 omoea co firn C 
373 Hewittia sublobata C 
374 Dholifudardi I omoea sinensis C 
375 Nasado I omoea fistulosa C 
376 Bhamardi fpomoea muricata C 
377 Kaladana f omoea nil C 
378 Safed panveli I omoea dichroa C 
379 Gogvel ! omoea illustris C 
380 Fudardi Merremia aegy tia C 
381 Undardi Merremia emar 'nata C 
382 Merremia hederacea C 
383 Merremia rh ncorhizn c 
384 Nasotar Merremia rur ethum C 
385 Fang Rivea hypocrateriformis c 
386 Marachi Capsicum annum Solanaceae H 
387 Tainata tycopersicon Tyco eraicum H 
388 Pardesi Tamaku Nicotlana lumba lnlolia H 
389 Uhoy ringani Solanum suraaense H 
390 Dhaturo kalo Datura innoxia S 
391 Dhatom Daturameiel S 
392 Tameta Lycopersicwn esculentum S 
393 Po 	ti Physalis minima H 
394 Ph salis penwiana H 
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439 Amni Clerodendron multi arum S 
440 Kadvi mabendi Clerodendron rnerme S 
441 Duranta re ens S 
442 Bashi Lantana camara S 
443 Dholo Ba 	hi Lamuna salvifolia S 
444 Savan Gmelina arborea T 
445 Na od Vilex negundo T 
446 Ratvelio Phyla nodi ora S 
447 Sa • Tectona grandly T 
448 Chodharo Antsomeles indica Labiatae H 
449 Leucas biflora H 
450 Lavender Lavandula bi innata H 
451 Kubi Leucas as era H 
452 Kubo 'an ali Leucas ce 	aloles H 
453 Kubo Leucas zeylanicn H 
454 Tulsfan ali Ocimum canum H 
455 Damara Ocinrwn basilicum H 
456 Panarnava Baerhaavia di usa Nycta inaceae S 
457 Boerhaavia chinensis H 
458 Boerhaavia vertieillara H 
459 Bo anvel Bougainvillea spectabilis S 
460 Aghedo Achyranthus aspero H 
461 Gorakh 	o Aerva avanrca H 
462 Vellaro Acrva san 	inolenta H 
463 Tandal'o Amaranlhusgrad/is H 
464 Rajgaro Amaranthus h bridus H 
465 Am arandrus spinosus H 
466 Tandulio Arnaranthus lricotor H 
467 Lampdi Celosia argenlea H 
468 Kan ro Di era muricata H 
469 Nothosaerva brachiota H 
470 Zipto safed Pu alia la 	ace. H 
471 Gorkh an'o Aerva Lantana Amaranthaccac H 
472 Amaranthusgrad/is H 
473 Poly onum glabrum Polygonaceae H 
474 polygonum plebelum H 
475 Vando Dendro thoe aleata Loeanthaceae C 
476 Chandan Santalum album Santalaceae T 
477 Dadari Acalypha ciliata Euphorbiaceae H 
478 Eu horbia microphylla H 
479 Eu horbia pafi ra H 
480 Bho amli Ph llanthus 	aternns H 
481 Dadaro Acalypha indices H 
482 Dadaro Acalypha malabarica H 
483 Asan Bridelia remsa T 
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529 Diascorea daemons C 
530 Satavari Asparagus racemosus Liliaceae C 
531 Satavari Asparagus gonoclados C 
532 
Chingatriyo 
Vaishuav Gloriosa superba C 
533 Ailium cepa H 
534 Kali musli Offioro h tum Iuberosum H 
535 Dungari Ur inea indica H 
536 Kush- us i Commelina hen galensis Commelinaceac H 
537 Murdannia sem iters H 
533 Commelina orskalaei S 
539 Commelina nudiflora S 
540 Commelina obli na S 
541 Cyanosis cristata T 
542 Cyanosis rascicvlata T 
543 Kha'uri Phoenix s lvestris Palmas T 
544 Aluld Colocasia esculenta Areceae II 
545 Tad Borassus abellrer T 
546 Nariyal Cocos nuci era T 
547 Ro stonea re is — — T 
548 Na/as minor Naladaceae H 
549 Naas marina H 
550 Eriocmdon dianae Eriocaulaccac H 
551 Eriocaulon soli anum H 
552 Eriocaulon truncalum H 
553 Typha angusara Typhaceae H 
554 Eleocharis an-op ur urea Cyperaceac H 
555 eras alulatus H 
556 cyperus compressus H 
557 c 	erus trice H 
558 Alloteropsis cimicina Poaceae G 
559 Bhan garo A luda aristata G 
560 Khasali Aristida un iculata G 
561 Arthraron prionodes G 
562 Arundinela umila G 
563 Brachiaria ramosa C 
564 Silaru Chloris dolichostachys G 
565 Chloris montana G 
566 Kahudo Coix lath 	a G 
567 Rosha-grass Cyvnbopogon martini G 
568 Dactyloctenium ae 	rium G 
569 Vans Dendrocalamus strictus T 
570 Tarodiyu Di itaria adscendens G 
571 Di ?cerium icrobachne G 
572 Dimeria ornithopoda G 
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573 Khariyu Dinebra retro exa G 
574 Samo Echinochloa colonum — — Cl 
575 Eragrostis japan/ca G 
576 Eragrastis pilosa G 
577 Chikatiu Eragrosfls viscosa G 
578 Kasiu Hackelochloa graMularis G 
579 Dabh Heteropogon contortus G 
580 Isachne dispar G 
581 Bardi Ischaemum molle G 
582 
Melanncenchrus 
'ae ucmontli G 
583 O lismenus burrriannii G 
584 Chokha Oryzasaava G 
585 Goriu Paspalidhanflaridu,n G 
586 Pas alidium geminatus G 
587 RollboeRm exahala G 
588 Kans Sacchanmr span (anezim G 
589 Setaria tomenlosa G 
590 Chipatiu (Motu) Setaria verticillalo G 
591 Barn Sorghum vul are G 
592 Andropogonpuini/us G 
593 Aristida adscensionis G 
594 B3 ari Penn iseirum typhoider G 
595 Baru Sorghum halepense G 
596 Makai Zeam as G 
597 Jhinu Dhamnu Cenchruus ciliar/s G 
598 Mindadlu Clitoris barbata G 
599 Mamaru Eragrastis ci/iaris G 
600 Spodiopogon rhiso horus G 
601 S orobolus marinaius II G 
602 Rntad Themedu a mbaria G 
603 Urochloapan/colder G 
604 Khas Vetiveria zizanioides G 
605 Tetu Oroxyltan indicwn Bi noniaceae T 
606 Hetero hra 	a s . T 
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Aonendix III 
Mammals of Gir Lion Sanctuary 
S St 
No at 
Order Family English Name Scientific Name Local Name us 
Insectivorou Grey Musk 
I s Soricidue Shrew Sancus nmrimes (Linn.) Chachunder C 
Insectivorou £rinaceida Paraechlma micropus 
2 s e Pale hedgehog  Bf tb Shero R 
Pteropodi Pteropnsgiganfeus 
3 Chiroptcra the Flying Fox Bruanieh Shi al C 
Pteropodi Short-Nosed 
4 Chiroptera the Fruit Bat Cynap terns sphinx (Vah) Chamachidiyu C 
Vespertili Indian Pipisfrellus coromandra 
5 Chirn tea onidau pipistrelle * (Gray) 
Banded 
Emballon Sheathtailed Tophonous melaropogon 
6 Chiro tera uridae Bat" (Iemminek) (? 
Cercopith ilanuman Prerbytis enfelfics Han urn an 
7 Primates ccidac Langer one) langur C 
R 
Mavis crassicaudafa & 
8 l'holidota Manidae Indian Pangolin (Gr ) Kidikhau E 
Lepus ntgricokis 
9 Ln omor ha Le oridae Indian Hare F. Curler) Sasloo C 
Panch 
Five striped Funambulus pennanti tapkavali 
10 Rhodentia Sciuridxc Palms uinnl (Nrou hron) Khiskoli C 
it Rhodentia Crlcefdae Indian Gerbille 7etraindica Hardwicke) Oonder C 
Kshetriya 
12 Rhodentia Muridac Field Moose Mas hoodu a (Gra) onnder C 
Common House Rattuc rattus ran us 
13 Rhodentia Muridae rat Linn. Oonder C 
Kutch Rock rat Raft us raft us  girensis 
14 Rhodcntia Muridae * Hin to Kutch mailer R 
Ratfac ruttus rufesc ns 
15 Rhodentia Muridae Rock rat (Gray) Oonder R 
Rundicota indica 
16 Rhodentla Muridae l3andicoot Rat* (Bechstein) C 
Indian Mole Rat Bandieora hengafensis 
17 Rhodenlia Muridae * (Gray & Hardwicke) 
Hystricida Indian 
19 Rhodentia a Porcupine Hystrix indica Kerr Shahudi C 
19 Carnivora Canidae Jackal Canis aureus Ginn.) Shi al C 
Vulpes bengalensis 
20 Carnivore Canidac Indian Fox (Shuw) Lonkdi C 
Mustelida Ratel or Honey Mellivara capensis 
21 Carnivora e Badger Schreher Ghorkhodi a F 
Small Indian Viverricu(a indices 
22 Carnivore Viverridae Civet Desmarest Vi C 
Herpeslid Common Herpestes edwadsi 
23 Carnivora ae Mongoose Geo 	o) Noliyo C 
Berpestid Small Indian Herpestes auropuncttims 
24 Carnivore ae Mongoose (Hod son) Nano nuliyu C 
Herpestld Ruddy 
25 Carnivora ae Mongoose flerpestes.cmithi(Gray) Noliyo C 
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26 Carnivora H aenidao Stripped Hyena Hyaena iryeana Linn. Jharakh C 	i 
R 
Panthern leo persica & 
27 Carnivora Fclid.c Asiatic Linn (Meyer)  Sinh/Sava E 
Leopard/Panthe 
28 Carnivore Felidac r Panrhera ardus 	imt. Di do E 
Fells china 
29 Carnivora Felidae Jungle cat Ciildenstaedl) Jun 	li biladi C 
30 Camivnra Felidse Desert cat Fells lib 	Fader) Rena biladi C 
RuatyspoItcd Fells mbiginasa Tmmraveami 
31 Carnivora Felidae Cat Geo Ta kavali biladi C 
Indian Wild 
32 Artiodaetyla Suidae Boar Sirs scrofa (Linn.) Jan li bhund C 
33 Artiodactyla Ccrvidnc S9mbar Cervus unicofor (Kerr) Sambar C 
GhiTellspottcd 
34 Artiodactyla Cervidae Deer Axis axis Erxlehen Chital C 
Chinkarallndian 
35 Artiodactyla Bovidae Gazelle Gaaella gazefla (Pallas) Chinkara B 
Blackbuck/Indi Anlilope cervIcapra 
36 Artiodactyla Bovidac an Antelope Linn. Kali ar E 
Chowsingha/Fo 
urhomed Tenacenas quadricornis 
37 Artiodactyla Bovidae Antilo Rlainville Chosysin a B 
Nilgai/Blue Raeelaphur Iragocamelus 
38 Artiodactyla Bovidae Bull (Pallas) BoseJNil ai C 
Page 1 388 
